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1.0  OBJECTIVES  AND  APPROACH 


The  manufacturing  development  effort  on  the  HLH  rotor  blade 
was  oriented  toward  evolving  a fabrication  and  tooling  con- 
cept that  would  permit  Engineering  Design  the  flexibility 
of  utilizing  advanced  composite  materials  that  promised  the 
greatest  performance  and  operational  advancements,  while  at 
the  same  time  providing  a cost-effective,  producible  design 
consistent  with  our  design-to-cost  philosophy. 

Section  2 describes  the  trade-off  analyses  and  sjjecimen 
evaluations  that  led  to  finalization  of  the  manufacturing 
and  tooling  concept  to  be  used  on  the  Advanced  Technology 
Component  Program.  In  addition,  provided  herein  is  a des- 
cription of  the  detailed  fabrication  process,  the  problems 
encountered,  and  the  corrective  actions  implemented. 

Section  4 describes  the  Quality  Assurance  approach  utilized 
in  the  destructive  and  nondestructive  test  segments  of  the 
program  to  ensure  development  of  a flight-worthy  rotc-r  blade 
concept.  Finally,  Section  5 presents  the  tooling  and  fab- 
rication changes  being  implemented  as  a result  of  the  full- 
scale  blade  testing  accomplished  in  the  last  six  months  of 
the  ATC  program. 

The  HLH/ATC  rotor  blade  has; 

® Exceeded  its  rotor  performance  figure  of  merit. 

" Achieved  an  anbitious  v;eight  target  of  765  pounds, 
making  it  22%  lighter  than  blades  of  conventional 
construction. 

® Demonstrated  that  a fiberglass/titanium  rotor  blade 
of  advanced  design  promises  sinnificant  reductions 
in  production  cost  per  pound  o er  existing  blade 
concepts. 
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2.0  TRADE-OFF  ANALYSES  AND  SPECIMEN  EVALUATION 


PROGRAM  BACKGROUND 

The  HLH  blade  development  program  included  a number  of  unique 
approaches  and  technological  advances  in  the  fabrication  of 
composite  rotor  blades.  Cost  effectiveness  and  austerity  were 
paramount  throughout  the  entire  program  and,  in  many  cases, 
dictated  identification  and  selection  of  improved  concepts 
and  processes.  From  the  beginning,  cost  avoidance  was 
achieved  by  restricting  initial  fabrication  to  blade  root 
ends.  Although  the  root  end  segment  represents  only  approxi- 
mately 20%  of  a blade,  it  requires  nearly  90%  of  the  techno- 
logical advances  required  for  a composite  blade  of  this  size. 
From  an  overall  view,  this  concept  was  well  founded  and  proved 
to  be  very  cost  effective  during  the  ATC  program. 

The  program  was  structured  to  provide  HLH  Engineering  with 
design  support  test  data  early  in  the  development  phase  and 
prior  to  fabrication.  Considering  the  lead  time  allocated 
for  this  task,  it  was  apparent  that  efficient  and  decisive 
implementation  would  be  required.  The  action  that  followed 
included  establishment  of  an  HLH  Blade  Fabrication 
Committee,  consisting  of  all  participating  functional 
organizations,  to  facilitate  and  expedite  the  decision-making 
process.  The  program's  success  can  be  attributed  directly  to 
the  creation  of  this  committee,  which  is  discussed  in  more 
detail  in  the  following  paragraphs. 

MANUFACTURING  CONCEPT  DEVELOPMENT 


During  the  early  stages  of  the  HLH  program,  the  rotor  blade 
design  concept  was  based  on  the  use  of  dual  "coke  bottle" 
fittings  for  root  end  attachment.  The  spar  featured  redun- 
dant load  paths  and  in  effect  was  a spar  within  a spar. 

Both  were  "C"  shaped  but  were  fabricated  from  different 
materials.  The  inner  spar  was  glass  and  the  outer  spar  was 
graphite  fibers.  The  first  series  of  root  end  specimens 
were  fabricated  around  that  concept  and  served  as  tool 
proving  articles.  As  an  economy  measure,  lower  cost  materials 
were  substituted  for  the  titanium  and  graphite  parts  within 
the  root  end  specimen . 

Fabrication  of  the  specimens  was  required  in  order  to 
develop  the  necessary  cechnology  advances  and  to  provide 
Engineering  with  design  support  test  data.  By  judicious 
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planning,  additional  benefits  were  realized  during  the  fabri 
cation  effort.  Three  of  the  four  specimens  were  fabricated 
using  different  tooling  concepts.  This  resulted  in  an 
inexpensive  tool  evaluation  program  which  led  to  the 
tooling  concept  ultimately  selected. 

As  a result  of  the  materials  evaluation  program,  and  a 
fabrication  cost  study,  the  dual  coke  bottle  blade  concept 
was  abandoned  by  Engineering.  A new  blade  design  referred 
to  as  the  "wraparound"  concept  was  then  selected  for  devel- 
opment. Redirecting  a program  seven  months  after  the  start 
dictated  even  more  stringent  requirements,  and  meant  an 
all-out  effort  in  order  to  protect  the  program  schedule. 

The  wraparound  concept  was  developed  and  tested  with 
excellent  results.  The  blade  designs  were  released,  tools 
were  designed  and  built,  and  seven  full-size  blades  were 
fabricated.  All  of  this  was  accomplished  within  a 23-month 
period  and  within  a few  days  of  the  original  scheduled 
completion  date. 

HLH  Blade  Fabrication  Committee 


On  a blade  development  program  of  this  magnitude,  one  task 
of  tremendous  scope  is  the  implementation  of  timely  decisions 
required  for  program  guidance.  Considering  the  program's 
schedule  mandates,  the  need  to  expedite  the  decision-making 
process  was  obvious.  The  HLH  Blade  Fabrication  Committee 
was  established  to  fill  this  requirement. 

The  committee  consisted  of  key  representatives  from  each  func- 
tional department  participating  in  the  blade  development  pro- 
gram. Included  were  representatives  from  Project  Engineering, 
Tool  Design,  Manufacturing  Technology,  Manufacturing  Engineer- 
ing, Quality  Assurance,  and  Operations  Management.  Starting 
with  the  basic  blade  design  concept,  the  committee  analyzed 
each  detail  and  component  to  identify  tool  requirements,  pro- 
processes to  be  utilized,  and  techniques  required.  In  addi- 
tion, potential  problems  or  inherent  risks  were  identified  and 
analyzed.  Primarily,  the  committee's  action  was  achieved 
through  the  development  of  "daisy  chain"  charts  of  sequential 
operations  for  each  part  and  component  of  the  blade.  A typical 
"daisy  chain"  chart  is  shown  in  Figure  1. 
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The  operations  sequence  of  the  "daisy  chain"  identifies  every 
element  of  work  and  each  process  involved  in  the  fabrication 
of  a part  or  component,  'Ihe  tools,  shop  aids,  and  facility 
requirements  were  also  identified  at  the  same  time.  This 
flow  sequence  was  established  and  utilized  to  provide  coordi- 
nation between  Manufacturing  and  Quality  Control  departments. 

Inherent  with  the  chart’s  development  v/as  the  identification 
of  problems  and  risks,  in  many  cases,  the  problem  was 
eliminated  or  the  risk  minimized  during  chart  development 
and  prior  to  fabrication.  Overall,  a "give  and  take" 
atmosphere  prevailed,  and  the  resultant  decisions  were 
normally  in  the  beat  interests  of  the  program.  A number 
of  significant  design  and  tooling  changes  were  introduced 
by  this  approach,  on  a timely  basis,  with  an  obvious 
objective  of  cost  avoidance. 

Prior  to  blade  fabrication,  the  overall  concept  and  plans 
were  refined  through  a series  of  "daisy  chain"  reviews. 

After  a number  of  iterations  and  refinements,  the  fabrication 
process  was  established  and  action  initiated  to  start  blade 
fabrication. 

Another  important  byproduct  of  the  committee  was  improved 
communication  and  coordination  between  departments.  With 
each  department  represented  and  actively  participating,  the 
resultant  action  tended  to  receive  better  support.  The 
decisions  reached  and  actions  initiated  met  little  or  no 
opposition  duri»^g  implementation. 

In  summary,  the  establishment  of  the  HLH  Blade  Fabrication 
Committee  proved  to  be  a v/ise  and  practical  decision.  The 
overall  program  direction  and  quality  of  decisions  were 
improved,  and  the  desired  results  were  achieved.  The 
"Committee"  or  "Task  Force"  approach  is  definitely  recommended 
for  developmental- type  programs  of  this  magnitude. 

Blade  Fabrication  Sequence 

The  charts  within  this  section  identify  the  fabrication 
sequence  used  for  the  HLH  blades  (ATC  configuration) . Each 
chart  is  structured  to  indicate  flow  of  various  suoassemblies 
and  asseiiblies  into  a final  blade.  The  overall  flow  diagram 
is  shown  in  Figure  2;  Figures  3 through  11  depict  operations 
performed  for  each  task.  The  blocks  in  each  flow  chart  have 
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been  sized  to  be  time  sensitive  from  a flow  time  viewpoint; 
i.'^j.,  small  blocks  represent  short  operations,  larger  blocks 
longer  operations. 

Fabrication  of  detail  parts  feeding  into  the  subassemblies 
are  not  shown  unless  they  were  considered  essential  to  an 
understanding  of  the  overall  flow. 

FAIRING 

FABRICATION 


LEADING-EOGE 

ASSEMBLY 


FITTING 

INSTL'N 


BLADE 

BONDING 


ROOT  END 
FTG  FAB 


TIP  FITTING 
ASSY 


FINAL  ASSEMBLY 


Figure  2.  HLH  Blade  Fabrication  Flow  Diagram 

FABRICATION  SEQUENCE 


• LEADING-EDGE  ASSEMBLY 

• SPAR  ASSEMBLY 


• ROOT  END  FITTING  FABRICATION 


• TIP  FITTING  ASSEMBLY 


• FITTING  INSTALLATION 


• FAIRING  FABRICATION 


• BLADE  BONDING 

• DAMPER  ARM  ASSEMBLY 


• FINAL  ASSEMBLY 
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Figure  3.  Leading-Edge  Assembly  Flow  Che; 


[44 

Si!' 


ft 


u 


m 


h" 


rt- 1 1 

!••> 

^ »' 

■ » 


r f 

1^ 


Figure  4.  Spar  Assembly  Flow  Chart 
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Figure  5.  Root  End  Fitting  Fabrication  Flow  Chart 
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Figure  7.  Fitting  installation  Flow  Chart 


Figure  9.  Blade  Bonding  Flow  Chart 


Figure  10.  Damper  Arm  Assembly  Flow  Chart 


TOOLING 


At  the  outset  of  the  HLH  ATC  rotor  blade  program,  many  de- 
cisions were  required  regarding  the  method  of  assembly  and  the 
type  of  tooling  to  be  produced  employing  existing  facilities 
wherever  possible.  The  small  quantity  of  blades  to  be  produced 
dictated'  adoption  of  the  most  cost-effective  tooling  concept. 


Tools  were  provided  only  when  necessary.  Lay-up  tools  and 
other  less  critical  items  were  fabricated  from  wood  or  other 
inexpensive  materials  wherever  possible. 

The  major  concern  of  both  HLH  Engineering  and  Tool  Design 
was  design  and  fabrication  of  the  root  end  of  the  blade ^ 

During  this  time,  several  engineering  designs  were  considered. 


They  were,  in  order  of  development. 

as  follows: 

1. 

Double  Coke  Bottle  Fitting 

(Figure 

12a) 

2. 

Single  Coke  Bottle  Fitting 

(Figure 

12b) 

3. 

10-inch  Wraparound 

(Figure 

12c) 

4. 

Fittingless  Root  End 

(Figure 

12d) 

Tool  Design  and  Fabrication 


To  prove  the  feasibility  of  these  configurations  and  to 
establish  the  best  tooling  concept  for  producing  them,  a 
program  was  established  to  fabricate  specimens  of  each 
root  end  design  (blade  Stations  66  to  138  approx) . 
Various  heat  sources  and  tool  materials  were  evaluated 
during  the  fabrication  of  these  specimens. 

Tool  Concepts  and  Materials 

Autoclave  Cure  - plastic  Moluo 


The  Double  Coke  Bottle  specimen  (Figure  13)  was  layed-up  on 
a bean  bag  and  cured  in  a fiberglass  tool  in  the  autoclave. 
The  bean  bag  was  a contoured  rubber  bag  made  to  the  inner 
mold  line  (IML)  of  the  spar  minus  a 30%  bulk  fac  :or  and 
filled  with  hollow  aluminum  balls.  The  bag  was  filled  in 
a split  mold  to  produce  the  contour,  and  then  vacuum',  was 
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ROOT  END  CONFIGURATIONS 


(B)  SINGLE 
“COKE  BOTTLE” 
SOCKET 


(A)  DOUBLE 
“COKE  BOTTLE” 
SOCKET 


-PRESSURE  BARRIER 


\ PNEUMATIC  PATH 
BETWEEN  THE  INNER 
METAL  AND  THE  LAMINATE 


TITANIUM  ROOT  END 
FITTING  HALVES 


(D)  FITTINGLESS 
WRAPAROUND 


(C)  WRAPAROUND 
WITH  A FITTING 


GLASS  SPAR  (4) 


Figure  12.  Root  End  Configurations  Evaiuated 
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pulled  to  produce  a solid  mandrel  suitable  for  laying  up  the 
fiberglass  details.  Figure  14  illustrates  buildup  of  the 
bean  bag  mandrel.  Vacuum  on  the  bag  must  be  maintained 
during  the  full  lay-up  period  and  until  the  specimen  is 
placed  in  the  curing  tool. 

The  coke  bottle  concept  required  that  the  titanium  fitting 
be  located  outboard  approximately  1 inch  during  lay-up  and 
pulled  to  its  true  position  during  the  cure  cycle.  This  was 
required  for  applying  pressure  to  the  fiberglass  laminate  in 
the  area  around  the  fittings.  In  the  case  of  a double  coke 
bottle  fitting,  both  fittings  must  be  pulled  independently 
and  at  different  times,  requiring  tooling  capable  of 
operating  at  a temperature  of  350®  at  100  psi  and  being 
controlled  from  outside  the  autoclave.  Hydraulics  were  not 
permitted  due  to  possibility  of  contamination.  A dual  air 
plenum  v/as  therefore  designed  to  operate  wich  the  autoclave 
pressure.  During  the  cure,  100  psi  was  applied  to  the 
inside  of  the  bean  bag  to  cure  the  lamination.  The  specimen 
was  successfully  fabricated.  However,  the  autoclave  concept 
proved  to  have  significant  restrictions; 

1.  Insufficient  length  for  a full  scale  rotor  blade 
(estimates  were  obtained  for  adding  ten  feet  to 
the  existing  autoclave) . 

2 . Problems  encountered  in  moving  large  and  heavy 
fixtures  in  and  out  of  the  autoclave. 

3.  Difficulty  in  maintaining  fixtures  on  a level  plane 
during  cure  cycle. 

4.  Lack  of  adequate  control. 

Due  to  the  above  restrictions,  it  was  decided  to  investigate 
integrally  heated,  self-contained  tools. 

While  the  coke  bottle  root  end  configurations  were  ultimately 
eliminated  from  further  development,  two  significant  conclu- 
sions were  derived  from  these  efforts; 

1.  The  coke  bottle  concept  proved  that  it  was  feasible 
to  compact  and  cure  large  fiberglass  structures 
using  mechanical  presses  rather  than  fluid  pressure. 


33 


BAG  MANDREL 

SPAR  (FIBERGLASS)  LAYUP  REF  \ 


INNER  FITTING  REF 

\ .. 

•■EC— 


BEAN  BAG  MANDREL 


INNER 

VACU.  M (FIBERGLASS)  LAYUP  REF 

LINE  INNER  FITTING  REF 


BEAN  BAG  MANOR 
WITH  INNER  FITTII 
SPAR  LAYUP 


STA  104.0 


STA  138.0 


Figure  14.  Fabrication  and  Buildup  of  Internal  Bean  Bag  Mandrel 
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2.  Bleeder  cloth  layers  with  vacuum  were  necessary  for 
degassing  polymer  resins  during  the  cure  cycle. 

Integrally  Heated  Steel  Tools 

The  second  root  end  specimen  was  produced  in  a steel  mold 
heated  in  a platen  press  and  was  intended  to  prove  the 
integrally  heated,  self-contained  tool  concept.  But  by 
using  it  in  the  platen  press,  the  high  cost  of  adding  heaters 
and  controls  was  eliminated.  The  specimen  was  successfully 
fabricated. 

Another  concept  for  a root  end  using  steel  tools  and  the 
platen  press  was  evaluated.  This  concept  was  known  as  the 
"Ten-Inch  Wraparound  Pitting".  The  tooling  effort  on  this 
concept  (Figure  15)  was  limited  to  designing  and  fabri- 
cating a tool  that  would  prove  the  feasibility  of  lay-up, 
compacting  and  curing  of  10-inch  wide  by  1-inch  thick 
Uni-Fiberglass  material  around  a 2.5-inch  radius. 

Tlie  tool  was  designed  with  a controlled  or  fixed  outside 
radius  (to  simulate  the  OML  of  the  blade)  and  employed  an 
inner  expanding  mandrel. 

Q?he  part  was  fabricated  with  good  results;  however,  to  use 
this  type  of  tool  with  the  bean  bag  for  the  outboard  section 
would  have  created  additional  problems  not  encountered  in  the 
other  configurations. 

Integrally  Heated  Aluminum  Tools 

Since  alttminum  is  a more  suitable  material  for  heating  and 
significantly  lower  in  cost  to  machine,  it  was  selected  for 
use  in  the  blade  molds.  The  disadvantages  of  aluminum  are 
its  softer  tool  surface,  more  subject  to  abuse  during  use, 
and  its  high  coefficient  of  expansion  relative  to  the  fiber- 
glass spar  and  titanium  cap.  it  was  preferred  that  a root 
end  specimen  be  produced  in  an  aluminum  tool  to  evaluate  the 
problems  of  expansion.  The  tool  was  made  with  the  capability 
of  producing  the  Double  and  Single  Coke  Bottle  fitting 
specimens  (Figure  16) . The  specimens  were  made  identical 
to  the  specimen  in  the  steel  tool  and  were  also  heated  in 
the  platen  press.  The  part  showed  some  marking  or  wrinkling 
at  Station  104  (approx)  which  was  thought  to  be  caused  by 
unequal  expansion.  This  was  one  of  the  contributing  factors 
for  later  eliminating  aluminum  tooling. 


Final  Tooling  Selection  - Integrally  Heated  Steel  Tools 


Using  data  for  the  previous  root  ends  that  were  produced 
(Figure  17) f the  decision  was  made  to  produce  an  integrally 
heated  steel  tool  to  the  new  engineering  design  capable  of 
making  the  test  piece  and,  upon  completion,  being  adapted  to 
a full  length  tool.  It  was  at  this  stage  of  the  program  that 
the  fittingless  root  end  configuration  (Figure  18)  was  de- 
signed. The  part  was  cured,  and  the  design  proved  successful; 
Engineering,  however,  re-evaluated  the  design  and  minor 
changes  were  made  that  eliminated  some  detail  parts  resulting 
in  changes  to  the  outer  mold  line.  The  fittingless  root  end, 
or  "wraparound"  root  end  concept,  with  integrally  heated  steel 
tools  was  selected  in  the  first  quarter  of  1972  for  full-scale 
blade  tool  fabrication. 


Figure  17.  Coefficient  of  Thermal  Expansion  Comparisons 
Methods  of  Heating 

Throughout  this  period,  numerous  layouts  and  studies  were 
performed,  and  evaluations  from  all  areas  were  considered 
to  determine  the  most  efficient  means  of  heating  the  two 
major  bonding  fixtures  required  for  producing  the  HLH 
Rotor  Blade.  They  were: 

1.  Spar  Bonding  Assembly  Jig,  BAJ  SK301-11173-1  with 
a gross  weight  of  16,000  lb  and  dimensions  of 

20  in.  by  24  in.  by  42  ft.  See  Figure  36,  Spar  BAJ. 

2.  Final  Assembly  Bonding  Fixture,  BAJ  SK301-11171-1 
with  a gross  weight  of  32,000  lb  and  dimensions  of 
20  in.  by  50  in.  by  42  ft.  See  Figure  50,  Main  BAJ. 
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Some  of  *-he  heating  systems  considered  were: 


I 
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1.  Liquid:  Hot  oil,  Dow  Therm,  etc. 

2.  Steam:  Super  heated  - high  pressure 

3.  Electric;  Strip  heater,  calrods,  radiant 
conductive,  heat  blankets,  quartz  lamps 

Liquid  Heating  Systems 


The  major  obstacle  in  employing  an  oil  or  oil 
liquid  for  heating  bonding  tools  is  contamina 
Unless  tools  can  be  designed  so  that  the  line 


not  require  disassembly  for  loading  or  unloading  of  the 
parts,  there  is  always  a high  risk  of  part  contamination 
which  could  cause  bond  voids.  A good  exami?-le  for  use  of 
oil  heat  is  the  platen  press  (Figure  19) ; the  oil  is 
circulated  through  a closed  loop  within  the  platens  and 
through  flex  lines  (which  are  never  disassembled)  to  and 
from  the  heater  and  pump.  The  tools  (normally  less  than 
6 ft  long  with  essentially  constant  sections)  are  placed 
in  the  press,  and  heat  is  applied  to  the  tool  from  both 
top  and  bottom.  The  platen  press  concept  was  considered 
for  the  HLH  blade  fixtures;  however,  the  large  overall 
size  and  weight  of  these  rendered  mechanization  of  this 
concept  impractical.  It  should  be  noted  that.,  for  platen 
press  tools  to  be  most  efficient,  full  contact  should 
be  made  with  the  platens  to  conduct  heat  into  the  tool, 
thereby  eliminating  any  coring  or  ribs  that  result  in  a 
much  heavier  tool.  It  should  also  be  noted  that  zone 
control  (higher  or  lower  heat  in  specific  areas  of  the 
tool)  in  the  platen  press  requires  special  plumbing  and 
incurs  additional  costs.  The  HLH  blade  spar  changes 
shape  from  a 9-in.  by  12-in.  section  (approx)  with  a 0.5-in. 
wall  thickness  at  the  root  end  (Station  66)  to  a 3-in.  by 
16-in.  section  (approx)  with  a 0.18-in.  wall  thickness  at  the 
tip  end  (Station  552).  See  Figure  20. 

With  unknown  exothermal  problems  created  in  the  curing 
of  plastj.cs,  there  was  a greater  need  for  more  zone 
control  than  was  practical  with  the  platen  press  concept. 

This  type  of  tool  weighs  approximately  2-1/2  times  more 
than  a cored  or  ribbed  type  tool  and  also  requires  more 
energy  to  both  heat  up  to  the  required  temperature  and  to 
cool  down  to  the  handling  temperature. 

Using  a liquid  heat  device  other  than  the  platen  press 
requires  casting  or  machining  the  heating  coils  into  the 
bonding  fixtures.  This  results  in  better  zone  control; 
however,  the  cost  of  doing  this,  if  practical,  would  be 
excessive.  Tools  of  this  type  are  not  as  mobile  as 
others  and  require  a more  exotic  mechanism  for  opening 
and  closing  without  breaking  oil  lines  to  eliminate  the 
contamination  factor,  in  any  of  the  foregoing  concepts, 
a special  facility  for  heating  the  oil  and  a heat 
exchanger  for  cooling  the  oil  are  required. 
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steam  Heated  Systems 


Steam  heated  systems  are  basically  the  same  as  oil  or 
liquid  heated  types  with  the  following  exceptions: 

(1)  steam  systems  do  not  have  the  contamination  problem; 
and  (2),  due  to  high  pressure  requirements,  safety 
becomes  a problem.  Acquisition  of  a boiler  and  the 
possibility  of  having  to  obtain  a licensed  operator 
resulted  in  rejection  of  this  concept. 

Electrically  Heated  Systems 

Several  types  of  electric  heaters  were  investigated 
before  selection  of  strip  heaters  for  use  in  the  major 
tools.  The  airfoil  shapes  and  sections  (tooling),  re- 
quired to  withstand  80  to  ]00  psi,  v;ere  more  adaptable  to 
a flat  strip  type  of  heater  that  could  be  formed  to  the 
tool  as  required.  (Figure  20) . 

Heater  Control  System 

Reviewing  the  control  systems  that  were  used  over  the  past 
twenty  years  for  self-contained  blade  bonding  fixtures  for 
CH-46,  CH-47,  and  some  experimental  programs,  a definite 
pattern  of  refinement  could  be  seen.  With  each  new  model 
or  program,  the  type  of  controls  advanced  with  the 
state  of  the  art.  For  example,  early  blade  fixtures  were 
designed  with  variable  transformers  to  regulate  the  voltage 
to  each  zone  of  heaters.  A thermocouple  was  placed  in  each 
zone  to  sense  the  temperature,  and  a readout  was  obtained  on 
a recorder.  This  required  a skilled  operator  to  regulate 
or  control  the  viiriable  transformers  in  relation  to  the 
recorder.  It  is  basically  a simple  procedure  until  multiple 
circuits  are  used  (which  is  normally  the  case) . Maintaining 
all  the  zones  at  the  same  temperature  (+10®F)  then  becomes 
hard.  It  should  be  noted  that,  with  most  of  the  adhesives 
and  resins  used  in  rotor  blades,  a controlled  heat-up  and 
cool-down  is  also  requisite,  adding  to  problems  encountered 
by  the  operator. 

As  time  went  on,  more  equipment  became  available  that  would 
allow  the  operator  to  preset  a control  to  some  predetermined 
temperature;  the  equipment  would  then  turn  the  heater  on  and 

off  in  response  to  a thermocouple.  Although  this  was  an 
improvement,  the  sensitivity  of  some  of  these  controls  was  not 
fine  enough  to  maintain  the  +10°F  tolerance  required. 
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The  cost  of  providing  this  type  of  control  system  for  the  HLH 
rotor  blade  tooling,  estimated  to  require  sixty  control  zones 
per  fixture,  would  have  far  exceeded  the  proposed  budget. 

The  current  state  of  the  art  for  controls  is  the  use  of 
a fully  computerized  system,  employing  direct  digital  control 
techniques.  This  type  of  control  was  considered  requisite  for 
the  large,  complex  type  of  tools  used  in  our  program;  the  cost 
of  this  system,  however,  was  prohibitive. 

After  a complete  review  of  the  schedule  for  producing  HLH 
blades  and  because  of  the  limited  quantity  (9),  it  was 
determined  that,  by  providing  a common  base  to  be  used  for 
all  major  bonding  fixtures,  tooling  costs  could  be  reduced 
with  only  a minimal  increase  in  production  time. 

It  was  then  decided  to  purchase  a 60-zone  computer-controlled 
ON/OFF  switching  control  system  as  a facility  item;  the 
control  system  could  be  used  for  any  program  of  this  type , 
such  as  the  UTTAS,  ATB,  etc.  See  Figure  22,  computer 
controlled  switching  control  system. 

During  the  cure  of  the  first  tool  proving  spar,  computer 
control  system  operation  proved  that  it  was  capable  of 
automatically  controlling  zone  temperature  to  within 
engineering's  specification  limits,  as  shown  in  the  heat 
chart.  Figure  23. 

At  the  beginning  of  the  ATC  Program,  it  was  decided  by  Engineer- 
ina  and  the  Material  Grouos  that  the  maximum  heatup  and  cool- 
down rate  would  not  exceed  6®F  per  minute.  All  the  major 
bonding  jigs  were  designed  with  heaters  capable  of  meeting  the 
6°F  heat-up,  and  the  universal  restraining  fixture  was  designed 
and  built  with  a forced-air  cooling  system. 

The  only  restriction  to  curing  the  olade  at  the  G^F  heat-up 
rate  was  the  ability  of  the  blade  to  absorb  the  heat  at  this 
rate.  Because  of  thi' . the  thick  sections  in  the  root  end  area 
became  the  controlling  factor. 

The  common  base,  or  as  it  is  better  known, the  universal  restrain- 
ing fixture  FMIT  SK301-10167  (Figures  24  and  25),  was  designed 
with  power  plugs  and  thermocouple  jacks  wired  into  the  control 
unit  so  that  any  fixture  could  be  heated.  The  base  was  built 
with  a system  of  T slots  for  mounting  various  size  fixtures 
and  maintaining  them  in  a plane  through  the  cure  cycle.  A 
cover  was  provided  over  its  full  length  to  eliminate  heat  loss 
and  also  to  give  more  uniform  heat  to  the  fixtures  (Figure  23) . 
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TEMPERATURE 


The  restraining  base  also  has  an  integral  air  system  usea  for 
cooling  the  fixtures  at  the  end  of  a cure  cycle.  The  base  and 
the  control  unit  performed  as  they  were  designed  to  do;  the 
only  problems  encountered  were  some  malfunctions  of  the 
computer  unit.  Replacement  of  some  units  was  made,  and  the 
system  performed  well  for  the  remainder  of  the  program. 
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Universal  Restrair 


Forming  Titanium  Leading  Edge 


The  HLH  Rotor  Blade  is  designed  with  a titanium  cap  0.05  in. 
thick  and  extends  from  the  leading  edge  of  the  blade  back 
13,47  in.  toward  the  trailing  edge  and  spanwise  from  Stations 
104  to  552 . 

It  is  formed  to  the  true  OML  of  the  blade  and  later  is  cured 
along  with  the  spar.  Forming  of  this  part  became  a problem 
for  several  reasons;  the  most  significant  of  which  was  the  lack 
of  experience  throughout  the  industry  for  forming  titanium. 

The  OML  of  the  blade  has  a changing  airfoil  that,  along  with 
twist,  made  the  task  even  more  difficult.  The  changing  air- 
foils require  stretching  in  some  areas  and  shrinking  in 
others  throughout  the  40-foot  length.  The  best  results  for 
forming  titanium  have  been  achieved  by  forming  the  part  at 
elevated  temperatures  (1400®  to  1600°F)  . 

Several  pieces  of  titanium  were  formed  at  Boeing  Vertol 
during  early  stages  of  the  ATC  Program.  These  pieces  were 
approximately  0.016  in.  thick  by  3.0  in.  from  L.E.  to  T.E. 
and  3 ft  long.  Pieces  were  manufactured  to  develop  the 
method  of  forming  and  to  be  used  at  a later  date  for  blade 
samples. 

The  parts  were  produced  by  first  preforming  the  leading  edge 
radius  on  a brake  using  a conventional  punch  and  die. 

Ceramic  dies  (male  and  female)  were  then  made  to  finish-form 
the  part  in  an  oven.  The  female  die  (upper  portion  of  the 
tool)  was  made  to  the  OML  of  the  part,  and  the  male  die  (lower 
section),  to  the  OML  minus  the  material  thickness.  The 
titanium  part  was  located  on  the  male  die  with  the  female 
die  suspended  over  it.  At  this  time  the  upper  die  (female) 
did  not  touch  the  titanium  part.  The  ceramic  dies  and  the 
part  were  then  placed  into  a furnace  and  brought  up  to  heat 
(1450°F) . Both  the  dies  and  the  part  were  heated  to  1450®F. 

At  this  time,  the  upper  die  was  lowered  onto  the  part  and  the 
lower  die;  guides  were  provided  in  the  die  for  alignment. 

The  upper  die  was  designed  so  that  it  would  have  sufficient 
weight  to  form  the  hot  titanium  part  over  the  male  tool. 

The  dies  and  part  were  then  allowed  to  soak  at  this  tempera- 
ture and  then  allowed  to  cool  to  room  temperature  before  re- 
moving the  part  from  the  dies.  Inhibiting  material  was  ap- 
plied to  the  titanium  preformed  parts  before  final  forming  to 
prevent  scaling.  The  results  of  forming  the  parts  were  goodr 
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however,  the  ceramic  dies  developed  cracks  toward  the  end  of 
the  program  and  would  not  have  been  acceptable  for  producing 
any  additional  parts. 

Boeing  Wichita  was  selected  to  form  the  titanium  caps  since 
they  had  a furnace  large  enough  to  handle  the  full  length 
titanium  cap,  thereby  eliminating  the  cost  of  developing 
such  a facility. 

Using  information  gained  through  our  test  program  and  know- 
ledge they  acquired  on  previous  programs,  Boeing  Wichita 
designed  and  built  a male  tool  (CFP  SK301-11174,  Figures 
26  and  27)  made  from  Inconel  802  material.  The  major 
differences  between  Boeing  Vertol's  test  tooling  and  Boeing 
Wichita's  tooling  is  choice  of  material  and  elimination  cf 
the  female  die.  The  Inconel  002  material  is  one  of  the 
better  materials  for  use  at  high  heat.  The  tool  was  NC 
machined  for  contour  from  the  blade  MDI  (Master  Dimension 
Information) . The  base  portion  of  the  tool  was  core 
drilled  to  reduce  mass  (less  mass,  less  cost  to  heat,  etc.), 
and  the  tool  was  fabricated  in  sections  to  allow  for 
expansion. 

Forming  of  the  titanium  leading-edge  cap  was  performed  by 
placing  the  titanium  sheet  material  over  the  forming  tool  and 
attaching  weights  along  both  edges.  The  weights  applied 
amounted  to  7-1/2  Ib/inch/side.  This  tended  to  wrap  the 
material  over  the  mandrel.  An  additional  1200  lbs  in  the  form 
of  a weighted  nose  blanket  was  added  to  the  outboard  end  cf 
the  cap.  The  tool  and  cap  were  then  loaded  into  the  furnace, 
and  the  temperature  was  raised  to  ISOO^F.  They  v;ere  then  al- 
lowed to  soak  for  a little  less  than  two  hours.  This  time  and 
temperature  kept  scaling  to  a minimum,  and  the  phosphate  flour- 
ide  etching  required  was  kept  in  the  region  of  0.008  inches. 


Figure  27  shows  the  formed  titanium  cap  with  weights  attached 
c.ftoi:  x'emoval  from  the  furnace. 

For  the  short  time  allotted  to  the  development  of  full  length 
tooling,  results  were  good.  The  major  defects  in  the  eight 
titanium  caps  produced  for  the  ATC  program  were: 

1,  Form  of  radii  at  L.E.  was  oversize 

2,  Outboard  section  from  Station  469,2  to  the 
tip  (Station  552)  had  a chordwise  bow. 

3,  Buckles  and  caves  in  the  outboard  area 
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Figure  26.  Titanium  Cap  Forming  Toot  wifh  Base 


m 


Work  to  eliminate  the  above  problems  is  continuing;  the 
conclusion  at  this  time  is  that  any  additional  caps  to  be 
fabricated  will  be  within  engineering  drawing  tolerances. 

The  leading  edge  radius  of  the  Inconel  mandrel  will  be  re- 
duced to  correct  the  oversize  condition  on  the  cap.  The  out- 
board section  of  the  mandrel  is  to  be  moved  chordwise  approxi 
mately  0.150  inches  to  correct  the  bow;  better  control  of 
expansion  (part  vs.  tool)  should  help  remove  the  buckles  and 
caves . 


'4' 
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Lay-Up  Tools  for  Composite  Details 


For  any  composite  product  to  be  successful,  the  lay-up  opera- 
tion is  the  key.  To  ensure  using  the  proper  number  of  plies  and 
and  their  correct  orientation,  tools  of  minimum  complexity  were 
provided  to  the  shop.  Tools  were  made  for  the  following  parts: 
leading-edge  spar  fillers  (2),  spar  straps  (4),  and  trailing- 
edge  wedge  (1) . These  parts  are  relatively  flat;  the  prime 
purpose  of  the  tool,  therefox'o,  was  to  control  width,  number  of 
plies,  and  ply  drop-off  or  location.  It  should  be  noted  that 
the  spar  straps  and  leading-edge  fillers  each  contained  approxi- 
mately, 95  plies  of  Uni-Fiberglass.  This  was  done  so  that,  in 
addition  to  controlling  plies,  the  tools  also  provided  a means 
for  the  mechanic  to  compact  the  material,  with  Teflon  rollers, 
to  eliminate  as  much  of  the  trapped  air  as  possible.  It  also 
reduced  the  overall  mass  of  material,  wijich  aided  in  the  next 
assembly  and  cure  operation.  See  Figure  ?B. 

The  spar  nose  block  required  a more  elaborate  tool  than 
those  described  above,  due  to  airfoil  shape  and  the  require- 
ment to  locate  the  leading  edge  weight  rods  (Figure  29) . 

This  was  accomplished  by  making  a tv;o-stage  tool  which 
produced  the  first  half  of  the  nose  block  (to  the  centerline 
of  the  weight  rod)  and  then  the  aft  portion  using  a second 
compaction  tool.  Refer  to  Figure  30  for  nose  block  tooling 
details. 

Other  details,  such  as  the  spar  inner  torsion  wrap,  the  blade 
skins  and  others  that  did  not  have  too  many  plies  or  were 
simple  in  configuration,  were  controlled  by  use  of  templates. 

One  exception  is  the  tool  for  outer  torsion  wrap;  it 
consists  of  eight  plies  at  the  root  end  and  reduces  to  one 
ply  at  the  tip.  Since  it  is  the  outer  member  of  the  spar,  it 
is  the  last  item  to  be  assembled  to  the  spar  lay-up  prior 
to  installation  of  the  titanium  cap.  If  contour  and  overall 
size  of  the  outer  torsion  wrap  is  not  held  during  lay-up  and 
installation  on  the  spar,  location  of  the  complete  uncured 
spar  into  the  bonding  fixture  then  becomes  a difficult  task 
and  could  cause  wrinkles  or  voids  in  the  cured  spar.  The 
outer  torsion  wrap  for  the  first  spar  was  laid-up  using 
both  halves  of  the  spar  BAJ.  This  method  was  acceptable; 
however,  it  required  additional  time  spent  in  the  BAJ 
which  was  already  overloaded.  In  addition,  it  was  found 
to  be  more  desirable  for  shop  personnel  to  lay-up  the 
fiberglass  on  a male  tool  rather  than  on  a female  tool  such 
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re  28. 


Figure  29.  Nose  Bi 


FWD  NOSE  BLOCK 


Figure  30,  Nose  Block  Tooting 


as  the  BAJ.  A male  mandrel  (two-piece  upper  airfoil  and  lower 
airfoil)  was  made  from  a foam  material,  mounted  on  a common 
base,  and  covered  with  plastic  coating  to  give  a hard  working 
surface.  This  is  illustrated  in  Figure  31. 

Spar  Bonding  Fixture  BAJ  SK301-11173-1  and  Spar  Mandrel 
3LM  301-11173 


After  successfully  producing  the  spar  root  end  sections  in 
the  test  program,  the  basic  tooling  concept  was  established. 
Changes  by  HLH  Engineering  to  reduce  the  number  of  foam  parts 
in  the  root  end  and  to  improve  the  method  of  applying  pres- 
sure through  chopped  fiber  fittings  to  the  spar  straps 
required  some  changes  to  the  full  length  tooling.  The  major 
problem  of  producing  a composite  spar  or  any  part  that  has  a 
taper  and/or  "locked  in"  contours,  is  to  provide  a mandrel 
firm  enougli  to  allow  for  lay-up  of  the  spar  without  distor- 
tion and  still  enough  to  allow  movement  of  the  mandrel  and 
lay-up  without  damage,  and  still  to  be  able  to  apply  pressure 
to  the  spar  during  the  cure.  The  mandrel  must  also  be 
capable  of  removal  from  the  spar  after  cure,  such  as  the 
bean  bag,  wash  out  paraplast  or  break  away  type.  Removal 
of  the  mandrel  from  the  spar  can  be  more  hazardous  in  terms 
of  damage  to  the  spar  and  more  costly  than  any  other 
operation  on  the  spar.  The  bean  bag  concept  used  in  the 
root  end  program  was  the  first  selection;  however,  operations 
that  were  not  considered  a problem  in  a 6-foot  length 
became  a major  handling  problem  with  a 42-foot  length.  The 
first  of  these  was  filling  of  the  bag  with  the  "beans" 

(aluminum  balls) . The  short  length  was  done  in  a vertical 
position  with  little  or  no  special  equipment  required.  To 
do  this  with  a 42-foot  length  would  not  be  practical  or,  at 
best,  would  be  very  costly.  Removal  of  the  balls  from  the  full 
length  spar  and  storage  were  also  concerns.  However,  it  should 
be  noted  that  the  balls  were  reusable,  which  added  to  its  favor 
A method  was  devised  to  fabricate  the  bean  bag  in  two  halves  in 
a horizontal  position,  thereby  reducing  some  of  the  drawbacks 
listed  above,  but  in  so  doing,  created  other  hardships  and  high 
risk  operations.  Maintaining  a vacuum  on  both  halves  of  this 
type  of  mandrel  throughout  the  entire  time  of  mandrel  fabrica- 
tion, spar  lay-up  and  assembly  was  not  too  desirable.  This 
being  the  only  proven  method  at  this  time,  it  was  pursued  in 
conjunction  with  other  methods. 


60 


After  an  analysis  of  other  methods,  the  only  other  type  of 
mandrel  that  merited  consideration  was  one  using  styrofoam  as 
a filler  in  place  of  the  aluminum  balls.  In  this  type  of  man- 
drel, the  foam  blocks  which  are  approximately  16  in.  long  are 
cut  using  a template  at  each  end  to  produce  the  correct  contour. 
(See  Figure  32.)  A "hot  wire"  cutting  tool  is  used  to  cut  the 
foam,  which  produces  a smooth  surface.  The  foam  blocks  are  then 
assembled  on  a strongback  which  maintains  their  alignment  and 
permits  handling  the  finished  mandrel  without  excessive  bending. 
Two  silicone  rubber  bags  are  then  fabricated  on  the  foam  blocks 
or  reassembled  on  the  foam  blocks  if  they  have  been  used  before. 
Two  bags  are  used,  each  0.06  in.  thick  and  one  on  top  of  the 
other,  thereby  giving  a safety  factor  should  one  bag  fail 
during  the  cure.  In  past  programs  of  this  type,  bag  failures 
were  quite  common  and  costly,  so  every  effort  was  taken  to  try 
to  improve  on  bag  design.  It  should  be  noted  that  throughout 
the  eight-blade  ATC  Program  no  spars  were  lost  due  to  bag  fail- 
ure. After  assembly  of  the  rubber  bags  over  the  foam  blocks  and 
strongback  (Figure  33) , the  bags  were  sealed  and  a vacuum  was 
pulled. 

The  vacuum  is  pulled  between  the  inner  bag  and  the  foam  blocks, 
and  also  between  each  of  the  two  rubber  bags.  This  removes  any 
slack  that  may  have  been  in  the  bags  and  provides  a good  surface 
for  the  lay-up  of  the  inner  torsion  wrap.  Pressure  in  excess 
of  5 PSI  could  result  in  crushing  the  foam  blocks.  The  mandrel 
was  then  ready  for  lay-up  of  the  spar.  During  curing  of  the 
spar,  the  foam  will  be  subjected  to  250OF,  which  will  shrink  the 
foam  to  approximately  1/3  its  original  size,  allowing  for  its 
removal  from  the  cured  spar. 

Cognizant  of  the  high  risks  involved  with  a mandrel  of 
this  type  and  the  detrimental  effect  a failure  would  have 
on  the  overall  program,  it  was  decided  to  investigate 
both  types  of  mandrels  (bean  bag  and  foam)  until  further 
testing  could  be  accomplished.  After  testing  various 
types  of  foams,  it  was  determined  that  Styropour, 
purchased  from  U.  S.  Mineral  Products,  Stanhope,  N.J,, 
was  best  suited  for  our  purpose,  it  should  be  noted 
that  this  material  is  nontoxic:  toxicity  was  a concern 
because  of  the  method  of  venting  the  tool  during  the 
curing  operation. 

Due  to  design  configuration  and  long  length  of  the  spar, the 
handling  of  the  spar  and  mandrel  throughout  lay-up  and 
assembly  presented  a critical  problem.  The  Tooling  group 
provided  a fixture  (8MIT  SK301-11173-1)  that  would  perform 
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the  following  functions.  Refer  to  Figures  34,  35,  and  36. 

1.  Locate  spar  mandrel 

2.  Support  mandrel  at  proper  working  height 

3 . Allow  lay-up  and  mandrel  to  be  rotated  to  any  of 
three  positions. 

It  ras  the  conclusion  of  those  associated  with  this  program 
that  lay-up  of  the  spar  would  not  have  been  possible  without 
a fixture  such  as  the  8MIT  Spar  Lay-up  Tool. 


After  the  spar  lay-up  has  been  completed  (Figure  34),  the 
titanium  nose  cap  is  located  on  the  spar  assembly,  and  the 
complete  assembly  is  installed  into  the  lower  half  of  the 
Spar  Bonding  Fixture  (BAJ  SK301-11173-1) . Refer  to  Figures 
37,  38,  and  39.  The  design  of  the  spar  bonding  fixture  used 
six  castings;  the  lengths  of  these  castings  were  determined 
primarily  by  the  airfoil  changes.  (See  Figure  40.)  It  could 
be  seen  that  this  would  provide  the  greatest  flexibility  for 
change  if, in  the  future,  airfoil  changes  would  be  required. 

The  casting  breaks  occur  at  Stations  66,  138,  220.8,  276,  372, 
469.2  and  565.8;  this  allows  13.8  inches  excess  at  the  tip  for 
quality  control  test  pieces.  The  material  selected  for 
castings  was  Meehanite  Type  HS  since  it  compares  favorably 
from  a strength  standpoint  with  any  heat  resisting  metal 
and  is  recoiranended  for  application  at  temperatures  far 
above  the  HLH  250®F  requirement  under  conditions  of  both 
cyclic  and  continuous  heating  without  thermal  shock.  It 
machines  easily  and  provides  maximum  resistance  to  scaling 
and  growth.  Thermal  expansion  of  Meehanite  HS  is  more 
compatible  with  fiberglass  than  most  metals.  Meehanite 
would  also  minimize  distortion  of  the  mold  during  repeated 
heating  and  cooling.  Castings  were  selected  for  use  rather 
than  weldments  or  hogouts  since  layouts  indicated  that  all 
five  outboard  sections  could  be  machined  from  castings  made 
from  one  basic  pattern  with  removable  inserts,  resulting  in 
a cost  saving.  A special  pattern  and  casting  was  required 
for  the  root  end  section  (Stations  66  to  138) . 

The  spar  assembly  was  located  in  the  lower  half  of  the  BAJ. 

The  upper  sections  were  then  assembled  section  by  section 
starting  with  the  root  end  section,  taking  care  not  to 
pinch  any  fibers  or  distort  the  spar  in  any  way.  The  tip 
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Figure  34.  Operation  of  Spar  Assembly  Support  Stand 


f^igure  35.  Spar  Assembly  Stand  — Original  Configuration  Used  for  Spar  No. 


Figure  37.  Spar  Bonding  Fixture 


Edge  Assembly  No.  1 Unloaded  from  Curing  Tool 


Figu  ■?  39.  Checkout  of  Scar  Coring 


end  and  roob  end  hardware  were  then  assembled,  the  power  and 
thermocouple  lines  connected,  and  the  spar  was  ready  for  cure. 
It  should  be  noted  that  the  spar  castings  were  machined  to  the 
true  OML  of  the  spar  using  the  MDI  system  provided  by  engineer- 
ing and  numerically  controlled  tapes  and  machines  at  both 
Boeing  Wichita  and  Boeing  Vertol  (Figure  41) . Some  hand  work 
was  required  after  machining  to  remove  tool  marks  and  produce 
a good  surface  finish,  suitable  for  curing;,  this  was  minimal, 
hov/ever,  and  this  method  of  machining  produced  the  best  (least 
amount  of  deviation  from  true  OML)  contour  for  a mold  of  this 
size. 

The  basic  premise  of  the  spar  tool  application  is  to  control 
the  OML  with  the  tool  and  to  apply  fluid  pressure  (80  to 
100  psi)  through  the  bag  mandrel  to  the  inside  of  the  spar. 
Refer  to  Figure  42. 

Assembly  and  disassembly  of  the  six  upper  BAJ  castings  is 
time  consuming;  howevet,  the  cost  to  automate  this  would 
not  be  cost  effective  for  a low-quantity  program  of  this 
type.  If,  in  the  future,  larger  quantities  of  blades  are 
to  be  built,  it  is  recommended  that  some  built-in  type  of 
opening  and  closing  mechanism  be  incorporated. 


The  honeycomb  core  assembly  that  v;ill  be  bonded  to  the  spar 
was  fabricated  using  the  following  steps: 

1.  Using  the  ',FM  (Figure  43),  special  adapters  were 
installed  at  the  trailing  edge  area  in  which  the 
T.E.  wedge  was  to  be  layed  up  and  cured  (Figure  44). 

2.  Removing  the  special  adapters,  the  VFM  was  then 
used  to  bond  the  honeycomb  core  blocks  to  the 
T.E.  wedge. 

3.  The  one  skin  (lower  airfoil  skin)  was  layed  up, 
cured,  and  bonded  to  the  T.E.  and  core  assembly 
(Figure  45), 

A second  VFM  tool  was  built  for  machining  of  core  assemblies 
machined  by  a vendor.  Tlie  only  difference  between  this 
second  VFM  tool  and  the  first  was  that  the  second  unit  had 
a vacuum  system  built  into  it  for  holding  the  core  while  it 
was  being  machined.  (Figure  46) 
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Figure  4 1.  Numerically  Controlled  Milling  Machine 
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Figure  42.  Spar  BAJ  Basic  Theory  Illustration 


Figure  44.  Special  Adapter  for  VFM  Used  During  Trailing  Edge  Wedge  Fabrication 


owerSkin  to  T.E.  and  Ci 


W Tool  with  Built-In  Vacuum  System  Used  for  Machining  Core 


4.  The  upper  airfoil  surface  and  the  V-cut  at  the  L.E. 
of  the  core  were  machined  at  Boeing's  subcontractor, 
Hexcel  Corp.,  Graham,  Texas,  and  returned  to  Boeing 
Vertol  for  assembly  into  the  blade.  The  final  BAJ 
(lower  airfoil  surface)  and  the  two  VFMs  were  all 
machined  using  identical  MDI  information,  resulting 
in  good  coordination  of  the  tools. 

Compression-Molded  Fiberglass  Fittings 

The  rotor  blade  designed  for  the  ATC  program  employed  eight 
details  that  were  made  from  chopped  fiber  (3M  Co.  SP  1157) . 
This  material  requires  350®F  and  1500  to  2000  psi  pressure 
during  cure  to  obtain  the  maximum  rated  strength  properties. 

The  first  engineering  design  of  the  fittingless  blade  (root 
end  test  section)  used  four  such  details.  The  parts  were 
cured  in  an  aluminum  mold  using  the  platen  press  for  heat 
and  closing  pressure.  The  mold  was  designed  with  fixed 
stops  to  control  part  size  and  was  constructed  with  four 
sets  of  inserts  for  four  different  part  configurations. 
Several  pieces  were  made  before  the  required  amount  of 
material  (SP  1157)  was  established,  and  due  to  the  thin 
sections  of  the  part,  precompaction  of  the  material  was 
critical. 

The  aluminum  mold  produced  the  parts  for  the  test  piece, 
but  the  tool  itself  was  not  satisfactory.  Since  the  tool 
was  soft,  it  was  subject  to  damage  (tool  marks,  etc.)  in 
loading  and  unloading?  tapped  holes  for  inserts  were 
easily  stripped;  and  because  of  the  high  cure  pressure, 
the  mold  had  deflection  problems. 

On  the  full  length  blade,  the  Engineering  group  made 
changes  which  required  a completely  new  mold  for  the 
molded  fiberglass  fittings. 

The  new  design  was  a much  simpler  configuration  , and  only 
two  different  ^ype  pavt-s  were  required. 

A kirksite  die  (MDSK301-11204,  Figure  47)  was  made  which 
incorporated  all  the  features  found  to  be  lacking  in  the 
original  aluminum  tool.  Some  of  these  things  were  chrome 
plating  of  all  mold  surfaces,  knockout  pins  and  improved 
methods  of  handling. 
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KNOCK-OUT  PIN 


The  results  of  this  die  were  very  good,  and  parts  were 
produced  with  a minimum  of  additional  development. 

The  tip  balance  weight  fittings,  301-11184-1  and  301-11186-1, 
are  made  from  the  same  chopped  fiber  material  (SP  1157)  as 
the  root  end  fittings.  They  are,  however,  more  complex  in 
that  they  have  metal  tubes  and  plates  built  into  them  for 
retaining  the  weights.  Because  of  the  design,  each  of  the 
fittings  had  to  be  molded  in  two  halves  and  then  bonded 
together  with  the  tubes  in  a separate  operation.  Each  half 
fitting  then  required  a separate  mold.  See  Figures  48,  49, 
and  50, 

Due  to  the  complexity  of  the  molds  and  Boeing  Vertol  shops 
being  at  a peak  at  this  time,  machining  of  these  tools  was 
subcontracted  to  an  outside  vendor,  Stokes-Trenton. 

Final  Bonding  Fixture  BAJ  SK301-11171~1 

Most  comments  made  for  the  spar  BAJ  are  also  applicable  to 
the  final  BAJ  (fixture  which  bonds  the  aft  fairing  to  the 
spar)  with  the  exception  that  it  is  much  wider  and  heavier. 
See  Figures  51  and  52.  The  pressure  required  for  this 
operation  is  derived  from  oversize  machining  or  the  honey- 
comb core  and  machining  the  fixture  to  the  proper  OML  of  the 
blade.  Because  of  this,  as  in  the  spar  BAJ,  the  castings 
were  machined  using  the  MDI  method,  which  closely  controls 
the  contour,  twist  and  other  parameters. 

Within  the  Boeing  Co.  there  are  approximately  250  NC  machines 
that  have  maximum  part  size  capacitie.-?  ranging  from  a few 
inches  to  well  over  100  feet  and  wifn  ,'part  weights  over 
50  tons.  Making  use  of  some  of  the  larger  NC  machine  equip- 
ment at  the  Boeing  Wichita  Division,  the  large  final  BAJ 
castings  were  machined  as  one  unit,  thereby  eliminating 
costly  coordination  and  extra  setups. 

When  the  upper  and  lower  sections  of  the  final  BAJ  are 
assembled  and  bolted  together  to  fixed  stops,  the  inner 
mold  contour  is  the  true  OML  of  the  blade.  There  is  no 
additional  pressure  applied  to  the  part.  It  is  therefore 
mandatory  that  the  machining  of  all  the  tools  be  held  within 
close  tolerances  to  ensure  the  production  of  a good  part. 

This  was  done  most  efficiently  by  using  the  NC  method 
derived  from  the  Master  Dimensioning  data. 
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Forward  Weight  Fitting  — Showing  Upper  and  Lower  Molded  Halves,  Internal 
Tubes  and  Blocks,  and  Studs  Used  for  Mounting  Balancing  Weights 


Figure  49.  Forward  Weight  Fitting  Subassembly  — In  Preparation  for  Bond  Operation 


BLOCK  11197 


Figure  5 1.  Closing  Main  Bond  Tool  for  Bonding  of  First  Blade 


During  the  bonding  of  fairing  to  blade,  a special  mandrel 
(MIT  SK301-11175,  Figure  53)  is  inserted  into  the  spar. 
This  mandrel  applies  an  internal  pressure  of  80  psi  at 
the  spar  heel  to  ensure  a good  bond  of  the  skin  fairing  to 
the  spar,  in  addition,  both  ends  of  the  spar  are  capped, 
and  the  entire  spar  is  pressurized  from  8 to  10  psi  to 
prevent  any  delamination  of  the  previously  cured  spar. 

Root  End  Boring 


Following  completion  of  bonding  operations,  trimming  and 
machining  of  the  root  end  is  the  next  step  in  fabrication 
of  an  HjLin  Rotor  Blade.  The  root  end  throat  (opening 
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opened  to  accept  the  lag  damper;  attaching  holes  are  bored 
to  their  finished  size  and,  more  important,  dimensionally 
held  in  relation  to  one  another  (7.000  + .001  inches)  and 
in  relation  to  the  outboard  blade  section  (Station  414.0) . 
A slight  deviation  at  the  root  end  of  the  blade  would 
cause  serious  changes  to  blade  lead/lag,  angle  of  attack 
and  mating  with  the  rotor  hub  assembly. 


Boring  fixture  BOF  SK301-11171-1,  Figure  54,  was  specifi- 
cally designed  and  built  to  properly  locate  the  blade  using 
a special  outboard  stand  at  Station  414  and  locating  pads 
in  the  root  end  area.  The  machine  was  designed  to  use  a 
twin-spindle  boring  head  to  maintain  hole  spacing;  special 
boring  bars  and  cutters  v;ere  supplied  to  complete  the 
operation. 


Design  of  the  boring  fixture  also  provided  for  installing 
the  lag  damper  arm,  sleeves  and  washers  that  are  assembled 
and  bonded  into  the  blade. 


One  of  the  problems  encountered  was  the  procurement  of  cutters 
best  suited  for  machining  cured  fiberglass.  The  material 
is  very  abrasive,  and  unless  a good  cutting  edge  is  main- 
tained, delamination  of  the  fiberglass  will  occur;  main- 
taining part  size  then  becomes  a problem.  The  cutters 
used  for  boring  the  holes  were  ma.'Ic  of  Wildex-Carbide 
Grade  E6  with  a 12®  positive  rake  angle.  The  cutters 
used  for  spotfacing  the  holes  were  Kennametal  Grade  68, 
ilso  with  a 12®  positive  rake  angle.  ..All  machining  was 
done  at  slow  speed  and  feed.  It  was  also  necessary  to 
incorporate  dust  collection  equipment  due  to  the  type  of 
material  being  machined. 
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Fixture  BOF  SK301 


Erosion  Cap 


The  HLH  Advanced  Composite  Rotor  Blade  design  concept 
required  an  electroformed  nickel  airfoil  shape  bonded  to  the 
outboard  leading  edge  of  the  blade  for  erosion  protection. 

Electroformed  nickel  erosion  caps  unique  to  the  industry 
were  developed  by  HLH  E.sign  Engineering  Tooling  and 
Processes  by  a patented  process  covering  the  electroform 
technique . 

The  erosion  caps  are  82  inches  long  and  have  a tapering  wall 
thickness.  In  addition  to  critical  blade  contour,  the  design  of 
the  cap  requires  controlled  deposition  of  plating  to  produce 
airfoils  that  are  tapered  in  both  chord  and  spanwise  planes. 

The  selective  deposition  and  distribution  of  heavier  plating 
at  the  leading  edge  and  outboard  tip  area  provides  maximum 
erosion  protection.  See  Figure  55  for  erosion  cap  details. 

The  desired  plating  requirements  were  achieved  after  a plating 
mandrel  (SK30 1- 11189 , Figures  5b,  57,  and  58)  was  made.  Devel- 
opment was  conducted  by  varying  the  tooling  mandrel/plating 
anode  relationship  in  the  electroform  process,  using  existing 
facilities  at  Boeing  Vertol  Company  (Figure  59) . 

Trimming  o',  electroformed  nickel  erosion  caps  is  necessary 
due  to  the  nature  of  electroforming  itself.  Electroformed 
edges  are  typically  irregular,  show  thickness  variations, 
and  include  nodulation  or  bead-like  growths  of  extensive 
proportions  (Figure  60) . As  an  aid  in  removing  the  crust- 
like nodule  formations,  the  electroform  mandrel  is  masked 
in  such  a way  as  to  produce  an  easily-fractured  line  from 
which  the  noduled  edges  are  broken  off.  Tliit.  leaves  a 
fractured  edge  (Figure  61)  which  must  be  trimmed  to  dimen- 
sional size  and  dressed  to  the  required  surface  finish 
requirements.  The  fracture  line  (Figure  62)  location  is 
determined  by  the  masking  tape  position  and  generally  is 
% in.  to  % in.  outside  (larger  than)  the  net  part  dimensions 
to  allow  for  trimiaing/f inishing  that  satisfies  engineering 
and  manufacturing  considerations. 

Rough  trimming  is  done  using  hand  routers  (air  driven)  with 
%-in.  diameter  high-speed  straight-fluted  bits.  Finishing 
is  performed  with  an  orbital  hand  sander  used  with  240  grit 
aluminum  oxide  cloth  discs  to  remove  router  tool  marks  and 
burrs  (Figure  63) . This  is  followed  with  crocus  cloth  discs 
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Figure  55.  Typical  Nickel  Erosion  Cap 


Erosion  Cap  Plating  Mandrel  Mounted 


in  the  sander  to  remove  the  240  grit  marks. 

The  final  steps  to  complete  the  HLH  Rotor  Blade  (listed 
below)  were  performed  with  a minimum  of  tools  and  were  not 
intricate  in  nature. 

1.  Trim  the  T.E.  (trim  jig) 

2.  Bond  trim  tabs  (2)  (bonding  tool) 

3.  Bond  rib  closures  (bonding  tool) 

4.  Bond  R.E.  doublers  (sh'  p aid) 

5.  Bore  R.E.,  install  lag  damper  and  sleeves  (boring 
fixture.  Figure  53) 

6.  Bond  L.  E,  erosion  strip  (shop  aid) 

7 . Assemble  tip  hardware  and  tip  cover 

8.  Paint 

9.  Teeter  balance  (teeter  balance  fixture, 

7MIT  SK301-11171-1,  Figure  64). 

Teeter  Balance  Fixture 

For  most  of  the  HLH  Rotor  Blade  operations,  the  tooling  could 
be  considered  standard  except  for  the  Teeter  Balance  Fixture 
(Figure  64).  Due  primarily  to  its  large  size  and  weight,  the 
teeter  fixture  created  new  problems.  A blade  is  balanced 
against  a known  weight  to  ensure  that  all  blades  have  the 
same  total  span  moment.  Adjustoent  is  made  by  adding  or 
subtracting  tip  weights  in  the  blade. 

All  existing  teeter  stands  for  the  CH-46  and  CH-»47  models 
employ  a shaft  at  Static  0.0  going  through  the  balance  head 
and  pivoting  in  bearings.  The  arc  through  which  the  shaft 
rotates  is  very  small,  and  only  a small  section  of  the  bearing 
is  used.  Friction,  dirt,  and  other  factors  affect  rotation 
of  the  shaft,  resulting  in  poor  balance.  To  overcome  this 
condition,  bearings  were  not  used  and  the  balance  head  was 
suspended  by  straps.  Because  of  their  availability,  four 
tension/torsion  straps  used  in  the  Chinook  CH-47  aircraft 
were  adopted  for  this  purpose,  'ihis  method  worked  very 
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well  and  all  HLH  ATC  blades  were  teetered  satisfactorily. 
Handling  Equipment 

The  HLH  Rotor  Blade  and  its  associated  tooling  created 
handling  problems  not  normally  encountered  in  the  fabrication 
of  rotor  blades.  The  CH-47  rotor  blade,  with  a chord  of 
23  inches,  a 25- foot  length,  and  weighing  approximately  350 
pounds,  is  the  largest  blade  presently  produced  at  Boeing 
Vertol.  A blade  of  this  size  can  still  ge  manually  moved 
from  one  work  station  to  another  or  with  the  aid  of  a simple 
spreader  bar,  can  be  handled  with  existing  overhead  equip- 
ment. The  HLH  blade,  weighing  in  excess  of  700  pounds, 
requires  that  all  moves  be  made  with  overhead  equipment 
using  a specially  designed  beam  (20HME  SK301-11173-1, 

Figure  65) . The  baam  is  40  feet  long  with  a sufficient 
number  of  adjustable  nylon  straps  to  give  full  support  to 
the  blade,  the  spar,  or  any  of  the  long  detail  parts.  This  was 
most  important  when  moving  the  uncured  spar  assembly. 

The  fabrication  concept  of  using  one  common  base  and  control 
unit  requires  movement  of  the  spar  BAJ  and  final  BAJ  on  and 
off  the  base  for  each  operation.  The  weight  of  full  spar 
BAJ  is  16,000  pounds;  the  final  BAJ  weighs  32,000  pounds. 

The  three-ton  limit  of  the  overhead  equipment  available  in 
Boeing  Vertol 's  Blade  Shop  made  it  mandatory  that  other 
systems  be  developed. 

The  method  chosen  was  to  make  two  tables  each  with  ten 
28-inch  diameter  air  cushions  on  the  bottom  (PME  SK301-11171- 
1,  Figure  66)  and  with  an  "Air  Off"  height  to  match  the 
restraining  base.  With  this  system,  the  complete  fixtures 
could  be  moved  from  one  area  to  the  other  with  minimiun  effort. 
Note  that  each  of  the  BAJs  had  clearances  (slots)  milled  into 
them  to  accept  16-inch  diameter  air  cushions  to  permit  moving 
the  tools  from  table  to  restraining  base  or  vice  versa. 

A special  sling  (OHME  SK301-11171-1)  was  designed  and  built 
for  assembling  the  blades  to  the  hub  assembly  at  the  Whirl 
Tower  and  at  the  test  stand, 

A special  dolly  (FME  SK301~11171,  Figure  67)  was  also 
fabricated  for  interplant  movement  of  completed  blades. 
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Unloading  Spar 


-ansporting  Blade  No.  3 to  Instrumentation  Laboratory 


3.0  ROTOR  BLADE  FABRICATION 

The  information  in  this  section  documents  the  HLH  ATT  rotor 
blade  fabrication  program  process  and  results.  Included  are 
a separate  summation  on  each  assembly  function,  describing 
the  basic  factors  leading  to  the  assembly's  creation,  and  a 
brief  outline  of  the  work  involved.  The  major  problems 
encountered  and  the  actions  taken  to  achieve  permanent 
resolution  of  these  problems  are  also  included.  Finally, 
as  a result  of  this  experience,  any  judgements  or  conclusions 
reached  are  noted  with  appropriate  comments. 

The  fabrication  portion  of  this  sec 'ion  is  divided  into  two 
basic  rotor  blade  components:  sp?  . and  fairing.  (Refer  to 
Figure  68.)  The  fabrications  of  tne  blade- detail  parts  are 
considered  sufficiently  simple  and  do  not  warrant  separate 
coverage.  However,  to  show  the  quantity  of  details  and  other 
particulars,  a series  of  charts  has  been  prepared  and  included 
at  the  end  of  the  section. 


SPAR  FABRICATION 

The  following  paragraphs  describe  the  essential  elements  of 
the  spar  and  the  spar  assembly  operations. 

Cap  and  Heater  Subassembly 

To  cure  the  titanium  nose  cop  primer  and  prepare  it  for  sub- 
sequent bonding,  the  cap  and  heater  subassembly  was  created. 
This  subassembly  includes  positioning  of  the  AF30  adhesive 
and  the  simulated  heater  blanket  on  the  cap  interior  surface , 
which  are  then  covered  with  a peel  ply.  The  subassembly  is 
next  bagged  and  placed  in  the  autoclave  for  curing.  The  cured 
piece  is  removed  from  uhe  autoclave,  is  cleaned  up  to  remove 
excess  resin,  has  its  edges  trimmed,  and  is  prepared  for  the 
next  operation. 

Fabrication 


Overall,  fabrication  of  this  subassembly  was  successful 
as  planned}  however,  several  problems  were  encountered. 
The  following  is  a brief  outline  of  those  problems: 

o Bag  Failure.  During  the  initial  autoclave  heat  cy- 
cles, leaks  developed  in  the  film  bag  on  the  earlier 
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units.  The  resolution  of  this  problem  involved  double 
jjagging  the  subsequent  units. 

• Adhesive  Repair.  During  the  curing  operation,  the  ad- 
hesive moved  on  some  units,  resulting  in  a cap  without 
adhesive  along  the  edge.  The  interim  "fix"  during  the 
ATC  program  was  to  add  adhesive  strips  and  to  cure  them 
with  strip  heaters.  The  final  resolution  for  prototype 
units  is  to  let  the  adhesive  be  oversice  to  allow  for 
movement  and  shrinkage.  A subsequent  trim  operation  will 
then  be  performed  as  part  of  the  post-cure  operation. 

« Peel  Ply  Removal.  Prior  to  use  on  the  next  assembly, 
the  peel  ply  must  be  removed.  Considerable  difficulty 
was  encountered  with  the  peel  ply  breaking  and  coming 
off  in  threads  rather  than  in  c full  sheet  as  desired. 

An  investigation  was  launched  to  ascertain  the  source  of 
this  problem,  which  proved  to  be  the  material  itself. 

Based  on  a series  of  tests,  an  improved  material  v/as  se- 
lected and  will  be  used  on  the  HLH  Prototype  blades. 

Leading  Edge  Subassembly 

To  simplify  the  spar  assembly  task,  the  down  stage  leading 
edge  subassembly  was  created  (Pigute  69) . Included  in  this 
subassembly  are  the  titanium  leading  edge  and  simulated  heat- 
er blanket,  the  nose  block  detail,  and  the  tip  block  subas- 
sembly. Fabrication  involved  assembling  the  compacted  glass 
blocks  (tip  and  nose)  with  the  titanium  cap  and  the  heater  sub- 
assembly.  With  a mandrel  for  internal  pressure,  the  part 
was  cured  in  the  spar  bonding  fixture.  After  the  cured  part 
was  unloaded  and  the  mandrel  removed,  a trim  operation  was 
performed,  land  excess  resin  and  peel  ply  were  removed. 

There  was  a major  concern  in  the  preplanning  stage  that  the 
different  thermal  coefficients  of  expansion  of  the  titanium 
and  glass  materials  would  cause  a warpage  problem  with  this 
subassembly.  A series  of  meetings  wej.s  held  to  identify 
methods  of  optimizing  the  tooling  to  minimize  this  condi- 
tion. It  was  concluded  that  a warpage  rest  specimen  would 
be  run  to  fully  understand  the  prob.^  ..-m  prior  to  fabrication 
of  the  full  scale  spar.  The  specimen  ' -is'  12  feet  long,  with 
a nose  block  and  titanium  leading  edge,  and  was  built  to 
simulate  the  actual  fabrication  sequence.  (PvCer  to  Figures 
70  and  71).  Based  on  test  results  of  that  specimen  and  the 

tool  concept  utilized,  it  was  determiined  that  warpage  was 
not  a problem. 
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FABRICATION  SEQUENCE 


Figure  68.  Blade  Fabrication  Sequence 


ATC  Experience 


Other  ‘problems  with  ‘this  subassembly  were  encountered  and 
resolved,  including: 

• Leading  Edge  Trim.  Several  units  had  to  be  reworked  to 
correct  the  trim  dimension  along  the  skirt  of  the  cap. 

The  problem  was  noted  when  the  leading  edge  was  loaded  in 
the  spar  bonding  fixture  and  the  cap  skirt  extended  beyond 
the  spar  heel  joggle.  This  discrepant  condition  required 

a trim  operation  for  correction.  As  a permanent  resolution, 
the  drawing  dimension  was  changed,  and  the  fixture  was  re- 
vised to  provide  the  proper  trim. 

• Leading  Edge  "Clamshelling".  Blade  numbers  4 and  5 
were  received  with  a severe  "clamshell"  condition  on  the 
outboard  end.  These  blades  required  cutting  along  the 
nose  to  open  the  cap.  After  the  cut,  edge  treatment  was 
added  along  the  cut  edge,  and  a graphite  doubler  was  placed 
between  the  titanium  and  the  glass  in  the  tip  block.  The 
problem  was  identified,  and  the  titanium  creep  forming  tool 
was  modified.  On  subsequent  blades,  the  problem  was  signi- 
ficantly reduced. 


Figure  69.  Leading  Edge  No.  1,  Showing  Tip  Block  Cured  in  Place 


111 


o Discrep&nt  Spanwise  Tube  Location.  After  the  cure  of 
the  leading  edge,  it  was  noted  that  the  tip  block  tube  had 
moved,  resulting  in  the  tube  location  being  too  far  out- 
board. The  interim  "fix"  was  to  cut  off  the  tube  end. 

The  permanent  fix  consisted  of  a stronger,  more  positive 
locator  being  added  to  the  spar  bonding  fixture  and  the 
addition  of  a positive  locator  on  the  internal  mandrel. 


Strap  Subassemblies 

The  spar  s!:,rap  design  was  developed  with  the  concept  in  mind 
of  eventually  making  the  transition  to  automated  tape  lay-up 
during  production.  A strap  subassembly  consists  of  the  in- 
ner strap,  outer  strap,  uni-directional  fiberglass  wedge, 
wraparound  strap,  and  the  inboard  torsional  wrap.  (Refer  to 
Figure  72.) 


There  are  four  strap  subassemblies  on  each  spar:'  one  upper 
forward,  one  upper  aft,  one  lower  forward,  and  one  lower  aft. 
Each  subassembly  is  laid  up  separately  on  its  own  lay-up  man- 
drel. The  task  begins  by  locating  the  tooling  expander  on  the 
inboard  end  of  the  lay-up  mandrel.  The  inboard  inner  torsion- 
al glass  cross-ply  is  positioned  over  this?  then,  the  wrap- 
around strap  detail  is  positioned  against  the  tool  expander 


Figure  72.  Completed  Spar  Strap  Subassembly 


and  over  the  cross-ply.  At  that  point,  lay-up  of  the  inner 
strap  is  made,  one  ply  at  a time,  with  each  ply  extending  far- 
ther outboard  than  the  previous  ply.  The  outer  strap  is  then 
laid  up  until  the  plies  finally  extend  to  the  blade  tip  end. 

In  the  process  of  laying  up  the  outer  strap,  the  uni-direc- 
tional fiberglass  wedge  is  positioned  between  the  straps  at  the 
point  where  they  converge. 

ATC  Experience 

The  overall  fabrication  task  was  fairly  simple  and  few  pro- 
blems were  encountered,  especially  on  the  first  several 
units.  Briefly,  those  problems  encountered  were  as  follows: 

• Strap  Wrinkling  in  Wraparound  Area.  After  the  initial 
subassembly  was  completed,  a wrinkling  of  the  inner  strap 
plies  was  observed.  The  source  of  the  problem  was  identi- 
fied to  be  the  application  of  insufficient  tension  to  the 
inner  plies  during  the  lay-up  process.  The  wrinkling  tend- 
ed to  be  concentrated  in  the  wraparound  area  and  was  general- 
ly on  the  inner  plies.  The  problem  solution  included” 
utilizing  increased  control  and  attention  during  the  actual 
assembly  by  tending  to  apply  increased  tension  on  the  layup 
of  inner  plies  and  reducing  this  tension  as  the  wraparound 
radius  increased.  Training  and  careful  control  by  the 
operator  reduced  this  problem,  and  as  an  added  precaution, 
only  experienced  personnel  were  used  to  perform  this  opera- 
tion. One  strap  subassembly  was  scrapped  due  to  this 
problem  and  a number  of  units  required  rework.  The  obvious 
long-term  "fix"  identified  was  to  eliminate  the  "Human  ele- 
ment" by  going  to  an  automated  lay-up  process. 

• Tape  Placement  Discrepancies.  The  strap  lay-up  involves 
going  through  a transition  area  where  each  ply  changes  from 
a flat  plane  to  a vertical  plane.  In  that  area,  the  loca- 
tion of  each  ply  is  critical  in  achieving  a wrinkle-free 
shank  on  the  cured  spar.  Through  the  transition  area,  proper 
tape  placement  is  difficult  to  achieve  and  adequate  tooling 
guides  are  not  practical. 

On  spar  number  3,  shank  wrinkling  was  encountered,  and  a 
portion  of  the  wrinkle  was  attributed  to  inadequate  control 
and  placement  of  the  tape  lay-up  through  the  transition  area. 
Shank  wrinkling  is  shown  in  Figure  73.  An  extensive  effort 
placed  on  preventing  further  shank  wrinkles  by  reducing  bag 
mandrel  size  and  tighter  wrapping  of  outer  cross  ply  material 
was  successful.  Tight  monitoring  of  the  strap  lay-up  pro- 
cess, coupled  with  a revised  unidirectional  wedge  configu- 
ration, made  a significant  improvement  in  the  quality  of  the 
spar  straps  produced. 
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Figure  74  shows  one  of  the  four  spar  straps  used  in  the 
spar  assembly.  The  sections  depict  the  way  the  strap  starts 
in  a horizontal  position  at  the  tip  end  {Station  552.0), 
continues  at  this  attitude  to  approximately  Station  138.0, 
and  then  rotates  90°  to  a vertical  position  at  Station  66.0. 
There  it  reverses  and  returns  to  the  tip  end  of  the  spar. 
(Refer  to  Engineering  Drawing  301-11173,  Sheet  3 in  Appendix 
B.)  During  the  cure  of  the  spar,  the  internal  mandrel  (pres- 
sure bag)  3LM-SK301-11173~1  (see  Figures  31  and  32)  applies 
the  required'  pressure  to  the  strap.  A special  tool  was  re- 
quired in  the  root  end  area  (Stations  S6.0  to  104,0  approx.) 
where  the  strap  goes  through  the  major  change  from  horizon- 
tal to  vertical.  This  tool  (9MIT-SK30 1-11173"!)  was  de- 
signed using  an  inner  wedge  which,  when  activated  by  the 
internal  mandrel,  applies  pressure  to  the  spar  strap  (see 
Figure  75).  The  inboard  end  of  the  9MIT-SK301-11173-1  man- 
drel is  also  activated  by  the  inner  wedge  by  expanding  the 
serrated  end  of  the  tool  (see  Figure  76) . 

Spar  Assembly 

The  spar  assembly,  as  the  primary  structviral  member  of  the 
blade,  presented  the  greatest  challenge  in  the  fabrication  of 
the  HLH  rotor  blade.  A nxjmber  of  technological  advances  were 
required  before  a ''D"  spar  of  the  required  size  could  be  built. 
After  many  design  reviews  and  meetings,  the  final  designs,  tool 
requirements,  and  fabrication  techniques  were  selected.  In 
many  cases, a developmental  program  was  initiated  to  finalize 
and  try  out  a concept  under  consideration. 

A good  example  of  a successful  program  was  the  spar  bag  and  man- 
drel development.  Economics  dictated  the  requirement  for  a re- 
dundant bag,  since  a bag  failure  could  necessitate  scrapping 
the  entire  spar.  The  "D"  spar  configuration  added  complexity 
because  the  assembly  funcv.ion  required  a firm  mandrel  that  could 
be  removed  after  curing.  Handling  of  the  uncured  spar  placed 
even  greater  demands  on  the  design.  The  bag  and  mandrel  were 
required  to  be  sufficiently  rigid  to  accommodate  movement  and 
transfer.  The  final  design  included  a laminated  graphite/ 
honeycomb  strong-back  as  the  structural  member  within  the  man- 
drel (Figure  77).  The  development  of  the  bag  and  mandrel 
assembly  is  described  in  the  tooling  section  of  this  report. 

While  the  spar  represented  the  biggest  challenge,  it  also  re- 
presented the  greatest  success  in  the  fabrication  of  the  HLH 
blade.  This  achievement  was  largely  due  to  the  significant 
amount  of  preplanning  devoted  to  the  assenibly.  A nurber  of 
problems  were  anticipated  in  the  early  stages,  and  action  was 
initiated  to  avoid  them  and  minimize  the  risks. 
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Figure  77.  Bag  and  Mar.dre!  Assembly  Prepe/ ad  for  Assembly  Stand 


Spar  Fabrication 

The  spar  fabrication  involves  the  assembly  of  details  on 
a bag  and  mandrel,  installation  of  the  leading  edge 
assembly,  and  the  curing  operation.  The  process  begins 
by  positioning  the  bag  and  mandrel  on  the  8MIT 
assembly  stand.  (Refer  to  Figures  33  and  78.)  The  upper 
end  inner  torsional  s .-.in  ia  then  laid  up  on  the  bag 
(Figure  79),  followed  by  the  .. nordwise  stiffener  gra- 
phite. On  top  of  this,  the  si. rap  subassemblies  are  posi- 
tioned together  with  the  ‘’T'  bone  fillers  and  leading 
edge  filler  (Figure  80).  The  assembly  is  then  flipped 
over,  and  the  sare  operations  are  repeated  for  the  oppos- 
ite (lower)  side.  At  that  time,  the  outer  torsional  wrap 
is  positioned  over  the  lower  side  lay-up.  The  assembly 
is  then  flipped  over  once  more,  and  the  upper  outer 
torsional  wrap  is  applied  (Figure  81)  and  tied  in  with 
the  lower  half.  Following  this  operation,  the  spar  is 
positioned  on  its  heel,  and  a sheet  of  adhesive  is  draped 
over  the  entire  unit.  The  leading  edge  assembly  is  next 
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Figure  78.  New  Clean  Room  Area  Showing  Spar  Strap  Subassemblies  and  Spar  Assembly 
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Figure  79.  Spar  No.  1 with  Inner  Torsional  Skin  Lay-Up  on  Bag  Mandrel 


positioned  over  the  spar  and  secured.  Then  the  assembled  soar 
is  turned  on  its  side,  and  the  adhesive  is  trimmed.  The  spar 
bonding  fixture  (lower  half)  is  installed  on  an  air  table  and 
moved  alongside  the  spar  assembly  stand.  The  spar  is  prepared 
for  transfer  and  is  lifted  up  and  placed  into  the  bondiisg  fix- 
ture. The  bonding  fixture  and  spar  are  then  transferred  to  the 
Universal  restraining  base,  where  the  upper  molds  are  positioned 
and  bolts  are  installed  (Figure  82) . Finally,  the  tool  root 
and  tip  ends  are  closed,  the  hoods  are  installed,  and  the  curing 
operations  are  begun.  (Refer  to  Figures  83  and  84) . 


Spar  Fabrication  Problems  and  Resolutions 

The  following  paragraphs  are  brief  outlines  of  the  major 
problems  overcome  during  the  HLH/ATC  spar  fabrication 
operation. 

Bag  Damage  During  Removal.  The  bag  (and  mandrel)  is  re- 
move'd  from  the  cured  spar  while  the  spar  is  still  supported 
in  the  lower  half  of  the  bonding  fixture.  The  first  item 
to  be  removed  is  the  "strongback''  which,  being  a flat  plane 
(no  twist)  and  a constant  width,  is  easily  removed  from  the 
tip  end  of  the  spar.  The  foam,  having  been  shrunk  by  the 
250°  heat  during  the  cure  cycle  (see  Figure  85),  fits 
through  the  small  aperture  at  the  tip  end.  It  should  be 
noted  that  during  the  assembly  of  the  mandrel  strips  of 
nylon  were  bonded  to  the  foam  sections,  which  assists  in  the 
removal  operation.  The  rubber  bags  are  the  last  to  be  re- 
moved, and  this  is  accomplished  by  first  relieving  the  outer 
bag  from  the  spar  I.M.L.  The  outer  bag,  having  been  complete- 
ly covered  with  teflon  tape,  is  easily  released;  however,  the 
friction  must  be  broken,  and  this  is  done  by  inserting  a 
long  wedge  (wood  board)  in  the  tip  end  between  the  bag  and 
spar.  This  is  repeated  until  the  complete  bag  is  free  from 
the  spar.  The  bag  is  then  extracted  from  the  tip  end  of  the 
spar.  As  a precaution  after  the  bags  are  removed, the  teflon 
tape  is  removed  irom  the  outer  bag  and  both  bags  are  pres- 
sure checked  and  inspected  for  any  damage  (cuts,  holes,  etc.) 
and  repaired  as  required  before  reusing.  On  the  first  spar, 
the  redundant  bag  was  extensively  damaged  during  removal. 

The  bag  and  mandrel  development  program  included  a bag  re- 
moval operation  on  a short  simulated  spar.  The  ceneral 
technique  for  removal  was  identified  and  was  considered 
satisfactory.  However,  on  a full  length  spar,  the  bag  re- 
moval operation  proved  to  be  more  difficult  than  originally 
envisioned. 

On  st±)sequent  units , the  bag  removal  operation  was  refined 
and  performisd  satisfactorily,  with  a minor  bag  repair  re- 
quired on  only  two  occasions  during  the  fabrication  of 
seven  blade  spars.  The  bag  and  mandrel  fabrication,  usage. 
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Bonding  Fix  cure 


and  removal  process,  as  now  developed,  is  a significant  manu- 
facturing achievement.  This  technique  is  satisfactory  for 
an  engineering  development  or  limited  production  program; 
however,  it  would  require  further  refinement  and  improvement 
for  a production  program,  particularly  from  an  economic 
viewpoint. 

Spar  Shank  Wrinkling.  On  ATC  spar  number  3,  excessive 
wrinkling  in  the  shank  was  identified  after  the  spar 
was  cured.  This  condition  was  considered  to  be  unaccep- 
table and  had  to  be  eliminated.  An  investigation  was 
launched  and  corrective  measures  were  identified.  At 
that  time,  spar  number  4,  nearly  assembled,  was  reworked 
to  add  an  interim  fix.  The  straps  were  realigned  to 
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Figure  85.  Foam  Mandrel  Concept  and  Bag  Removal 
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give  better  contour  through  the  transition  area,  and 
the  uni-directional  wedges  were  modified,  Ohe  area 
over  the  wedge  was  filled  in  with  uni-directional  glass 
until  it  was  flush  with  the  strap  upper  edge. 

On  spar  number  5 and  on  all  succeeding  spars,  the  perma- 
nent fix  was  incorporated,  which  included  a new  "uni- 
wedge" configuration.  The  wedge  was  made  larger  and 
longer,  and  more  adequately  filled  the  gap  between  the 
straps.  The  strap  lay-up  was  monitored  very  closely, 
and  overall,  the  details  fitted  together  much  better. 

In  addition,  the  permanent  fix  included  other  changes 
in  related  operations:  a reduction  of  the  spar  mandrel 
inside  mold  line  (IML) ; maintenance  of  increased, 
vacuum  on  the  bag  during  spar  assembly;  and  tighter 
control  and  tie-in  of  the  upper  and  lower  torsional 
wraps . 

Wrinkling  of  Outer  Torsional  Wrap.  After  spar  number  1 
was  assembled  and  cured,  wrinkles  were  noticed  in  the 
outer  torsional  wrap.  The  wrinkling  was  concentrated 
primarily  in  the  spar  heel  area.  It  was  apparent  that 
corrective  measures  were  required  prior  to  proceeding 
with  spar  fabrication.  A major  change  was  incorporated 
into  the  spar  assembly  stand  (8MIT  Tool)  to  provide 
improved  contour  control  during  the  lay-up  and  assembly 
operations.  (Refer  to  Figure  86.)  The  support  arms 
were  modified  to  include  contour  caul  plates , which 
supported  the  spar  on  either  side  or  on  its  heel. 

Other  items  identified  as  requiring  improvement  were 
the  method  of  fabrication  and  the  handling  of  the 
outer  torsional  wrap.  The  spar  bonding  fixture  was 
used  for  lay-up  of  the  outer  torsional  wrap  on  spar 
number  1.  The  operation  was  slow  and  tedious  and 
represented  a program  constraint  since  the  fixture 
was  also  required  for  other  blade  operations.  As  a 
result,  two  new  tools  were  fabricated  to  provide  a 
male  lay-up  mandrel  (Figure  87) . After  the  tools 
were  built  and  used  (in  spar  number  3 and  all 
succeeding  spars),  the  lay-up  task  was  improved,  and 
transfer  of  the  outer  torsional  wrap  from  the  tool 
to  the  spar  was  simplified. 
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Spar  Assembly  Stand  After  Modification  to  Provide  Contoured  Caul  Plates 
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Further  refinement  was  achieved  by  minimizing  the  amount 
of  time  during  which  the  uncured  spar  was  supported  on 
its  heel.  Briefly,  this  meant  that  the  installation  of  the 
leading  edge  assembly  had  to  be  improved.  Ibe  operation 
was  refined  by  method  improvements,, and  the  elapsed  time 
was  reduced.  However,  additional  improvement  is  desired 
and  is  being  planned  for  use  on  the  prototype  blades. 

This  includes  new  locator  straps  bonded  to  the  exterior 
surface  of  the  leading  edge  for  handling  and  coordination 
purposes.  The  leading  edge  installation  tool  will  also 
be  modified  to  pick  up  the  new  locators.  It  is  antici- 
pated that  better  handling  and  seating  of  the  leading 
edge  on  the  spar  can  be  realized  with  the  improved  tool. 


Another  factor  associated  with  wrinkling  was  the  spar 
handling  and  transfer  in  an  uncured  condition.  The 
transfer  from  the  assembly  stand  to  the  lower  segment 
of  the  spar  bonding  fixture  was  particularly  difficult 
and  was  a source  of  wrinkling.  Ideally,  the  spar  should 
be  fully  encapsulated  during  the  transfer,  but  this 
interferes  with  lowering  the  spar  into  the  tool  cavity. 

A series  of  reviews  has  identified  several  potential 
solutions  for  the  prototype  blade  fabrication,  which 
are  now  being  subjected  to  cost  and  feasibility  exer- 
cises, One  possible  solution  includes  the  use  of  an 
air  bag  that  would  roll  out  of  the  cavity  as  the  spar 
is  being  lowered  and  its  weight  is  felt. 


In  summary,  spar  wrinkling  can  be  minimized  but  it  is  that 
type  of  problem  which  will  require  continued  emphasis 
and  control  because  of  the  spar's  large  size.  Another 
design  improvement  has  been  developed  to  incorporate  a 
pre-cured  heel  on  the  prototype  blades.  With  the  heel 
pre-cured,  wrinkling  is  eliminated  in  the  critical  area 
and  minimized  elsewhere  by  providing  structural  support 
of  the  uncured  spar  during  the  transfer  operation. 


Chopped  Fiber  Fitting  Installation 

After  spar  fabrication  and  inspection,  the  cured  chopped- 
fiber  fitting  installation  is  accomplished.  This  effort 
consists  of  a fit-up  operation  and  a bond  operation  for 
each  of  eight  fittings.  Six  fittings  are  installed  on  the 
root  end, and  two  are  installed  on  the  tip  end.  The  spar 
is  cured  in  a "closed  metal  die"  cavity  which  controls  the 
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outside  mold  line  (OML.)  , and  the  surface  obtained  is  repeat- 
able  from  unit  to  unit. 

Those  fittings  which  nest  on  the  OML  require  a minimal  "fit- 
up"  operation/  and  their  installation  is  fairly  simple.  The 
spar  inside  mold  line  (IML)  is  controlled  by  the  redundant 
rubber  bag.  Due  to  the  IML  variation,  five  of  the  eight  fit- 
tings must  be  "custom  fitted"  to  achieve  propex*  nesting  and 
satisfactory  bonding.  Overall,  the  fit-up  operations  have 
proven  to  be  complex  and  time  consuming. 

Root  End  Fittings 

The  root  end  fittings  include  the  four  closuz  as  v/hich 
nest  on  the  IML  just  forward  of  the  pin  holes.  Early 
attempts  to  hot-bond  these  fittings  were  not  successful, 
and  the  design  was  changed  to  a cold-bond  adhesive.  The 
configuration  dictated  that  heat  for  hot  bonding  had  to 
be  driven  through  the  fitting  or  spar  into  the  bondline 
(Figure  87).  The  large  mass  in  that  area  precluded  this 
approach.  The  cold  bond  adhesive  was  incorporated  and 
proved  to  be  very  successful  when  tested.  As  a result, 
the  blade  (number  1)  that  was  hot  bonded  was  modified 
using  the  cold  bond  adhesive.  As  a part  of  the  design^ 
to-cost  program,  the  closure  fitting  design  and  fabri- 
cation is  being  studied.  To  eliminate  the  high  cost  of 
fit-up  and  bond,  the  "co-cure"  approach  has  been  selected 
for  the  prototype  aircraft.  The  fitting  becomes  a "B" 
staged,  semi-cured  preform,  which  is  cured  during  the  spar 
cure.  A sample  fitting  has  been  laid  up  and  "B"  staged 
with  excellent  results. 

The  other  root  end  fittings  are  the  two  inserts  located 
at  Station  139,  where  the  fairing  leading  edge  blends 
into  the  spar  (Figure  88) . A minimum  of  fit-up  is 
required,  and  bonding  represents  few  problems. 

Tip  End  Fittings 

The  tip  end  fittings  include  the  two  weight  fitting 
assemblies;  one  forward  and  inside  the  spar,  and  one 
aft  and  outside  the  spar.  The  forv/ard  weight  fitting 
required  extensive  fit-up  effort  and  proved  to  be  very 
difficult  to  bond.  Because  the  spar  tip  is  thin  and 
has  limited  accessibility,  the  fit-up  operation  was 
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slow  and  costly.  To  achieve  a good  bond,  a close  fit  had 
to  be  maintained  over  the  entire  length  of  the  fitting 
(approximately  21^  inches) . 

An  interim  fix  was  incorporaced  for  insurance  purposes. 
The  fix  included  the  installation  of  roll  pins  to 
mechanically  secure  the  forward  weight  fitting  to  the 
spar  tip.  The  ATC  configuration  was  tested  OJi  blade 
tip  hardware  specimen  number  1 and  proved  to  be  satis- 
factory. However,  the  cost  is  considered  to  be  excessive 
from  a design-to-cost  viewpoint.  A design-to-cost  pro- 
ject has  been  initiated  to  identify  a product  improvement 
and  reduce  the  overall  costs  in  this  area. 

The  resultant  change  has  been  identified, and  a trial 
installation  has  been  made  with  excellent  results.  The 
improvement  involves  bonding  the  forward  fitting  during 
the  spar  cure.  This  technique  is  planned  for  all  HLH 
Prototype  blades.  The  cost  reductions  associated  with 
this  change  are  particularly  significant  since  the 
requirements  for  a fitting  bond  tool  and  associated 
fit-up  and  bond  operations  are  eliminated,  as  well  as 
any  rework  and  repair.  The  installations  of  retaining 
pins  and  the  drill  fixture  required  for  locating  the 
pin  holes  are  also  eliminated.  Overall,  the  weight 
fittings  of  the  prototype  blade  will  have  improved 
bondlines  with  slight  reductions  in  weight.  This  is 
a classic  example  of  design-to-cost  in  action,  whereby 
a product  deficiency  was  eliminated  and  an  associated 
cost  reduction  was  achieved  in  the  early  stages  of  a 
program,  prior  to  production. 

The  other  tip  end  fitting  (aft  weight)  required  a minor 
fit-up  operation  prior  to  being  bonded  to  the  spar.  Ihis 
bonding  operation  is  also  simple,  with  few  problems. 

Both  tip  fittings  are  bonded  to  the  spar  concurrently  to 
minimize  flow  time.  (Refer  to  Figure  89.) 


FAIRING  FABRICATION 

The  following  paragraphs  describe  the  fabrication  of  the 
aerodynamic  fairing,  which  is  the  second  major  component  of 
the  HLH  rotor  blade. 

Fairing  Fabrication  Process  Selection 


Background 

Prior  to  the  HLH/ATC  rotor  blade  program,  fairing  fabri- 
cation required  machining  of  the  honeycomb  core  on  both 
sides,.  The  core  blocks  were  stabilized  with  a skin,  or 
attached  directly  to  a holding  fixture  for  machining. 
With  a stabilizer,  vacuum  was  used  for  attachment;  with 
direct  attachment,  bonding  with  various  adhesives  was 
the  general  practice.  One  airfoil  surface  was  then 
machined,  and  the  partially  machined  core  was  removed 
from  the  fixture.  The  machined  surface  was  stabilized 
or  bonded  directly  to  a second  holding  fixture,  and 
machine  contoured.  The  remaining  surface  was  then 
machined  and  removed  from  the  holding  fixture.  An 
additional  operation  was  required  to  remove  the  stabil- 
izer skin  or  the  adhesive  residue.  Overall,  the  process 
was  slow  and  costly,  and  was  therefore  considered 
undesirable  for  a larger  fairing  such  as  that  required 
by  the  HLH. 

Improved  Process  Selected  for  HLH 

A study  was  launched  to  identify  a fairing  fabrication 
process  which  would  be  more  cost  effective.  The  process 
selected  has  resulted  in  eliminating  a number  of 
operations  and  minimizing  tool  requirements. 

Briefly,  the  process  selected  for  the  HLH  blade  is  based 
on  machinir  he  upper  airfoil  contour  only.  The  honey- 
comb core  block  is  procured  in  a pre-cut  triangular 
shape.  The  honeycomb  core  is  pre-ascembled  with  the 
trailing  edge  wedge  and  then  cured  to  the  lower  airfoil 
skin.  The  skin-to-core  bond  is  accomplished  in  a 
vacuum  form  holding  fixture  that  v’as  built  to  the  lower 
airfoil  contour.  The  cured  skin  provides  a means  of 
stabilizing  and  retaining  the  honeycomb  during  machining. 
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iTie  selected  process  for  aft  fairing  fabrication  produced 
excellent  results.  Since  most  of  the  resultant  cost 
savings  in  the  approach  are  on  recurring  cost  items,  its 
use  on  a production  program  is  considered  to  be  signifi- 
cant and  will  result  in  substantial  cocr  savings.  The 
major  benefits  of  this  concept  include  the  following; 

° Nonrecurring  Cost  Benefits 

Second  holding  fixture  is  not  required. 

° Recurring  Cost  Benefits 


Installation  and  subsequent  removal  of  stabilizer  skin 
is  not  required. 

Machining  time  is  reduced  by  50  percent. 

Total  flow  time  required  is  drastically  reduced. 

Part  handling  effort  is  appreciably  less. 

Material  costs  are  minimized  in  the  areas  of; 

° Stabilizer  skin  and  adhesive 

® Better  utilization  of  honeycomb  core  - two 
triangular  pieces  can  be  cut  from  one  block 
of  raw  material. 

Fairing  Assembly 

Fairing  Assembly  Fabrication 

The  fairing  assembly  include?  a trailing  edge  wedge,  a 
wedge-to-core  subassembly,  the  core-to-skin  operation, 
and  the  fairing  machining. 

Trailing  Edge  Wedge.  The  trailing  edge  wedge  is  fabri- 
cated with  fiberglass  and  graphite  laid  up,  and  trans- 
ferred to  the  fairing  bond  fixture  (VFM)  where  it  is 
bagged  in  an  autoclave  for  curing.  After  the  cure  is 
completed,  the  trailing  edge  wedge  is  removed  and 
trimmed,  and  the  locator  holes  are  added  in  preparation 
for  the  next  operation. 
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Wedqe-to-Core  Subassembly.  The  wedge-to-core  subassembly 
involves  positioning  the  trailing  edge  wedge  with  the 
honeycomb  core  blocks  and  adhesive  in  the  fairing  bond 
fixture  (WM) . The  core  is  Nomex  honeycomb  that  has  been 
purchased  pre-cut  to  a specified  size.  A special  nodal 
bond  adhesive  (i^xabond)  is  used  on  the  core-to-core  bond 
(between  the  three  segments),  and  a foaming  adhesive 
(FM  37)  is  used  between  the  core  and  trailing  edge  wedge. 
The  subassembly  is  bagged  and  cured  in  the  autoclave. 
After  curing,  the  subassembly  is  inspected  in  preparation 
for  the  next  operation  (Figure  90). 

Core-to-Skin  Subassembly.  In  the  fairing  bond  fixture 
(VFM) , the  lower  airfoil  skin  material  is  laid  up,  and 
the  wedge-to-core  subassembly  is  positioned  over  the 
skin.  The  subassembly  is  bagged  and  cured  in  the  auto- 
clave. After  curing,  the  completed  part  is  removed  from 
the  tool,  trimmed,  and  inspected.  (Refer  to  Figure  91.) 
The  fairing  is  then  ready  for  shipment  to  the  core 
machining  vendor.  In  the  ATC  program,  the  vendor 
utilized  for  this  operation  was  the  Hexcel  Corporation, 
Graham,  Texas. 


Figure  90.  Trailing^Edge  Wadge  Assembly  A fter  Sond  to  Cot  e 
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Core  Machining  Operation.  The  machining  operation 
includes  the  upper  contour  and  the  leading  edge  cut, 
referred  to  as  the  "V  notch".  (Refer  to  Figure  92.) 
After  machining,  the  upper  surface  requires  hand 
sanding,  to  blend  the  core  and  trailing  edge  wedge  in 
a smooth  transition.  The  size  of  the  part,  the 
variations  in  geometry,  and  the  tolerances  required 
made  this  one  of  the  most  difficult  parts  that  we 
have  attempted  to  machine  for  bonding. 

ATC  Experience 

Processing  the  fairing  through  the  various  fabrication 
stages  proved  to  be  extremely  challenging.  The 
following  paragraphs  sumii'arize  the  difficulties 
encountered  and  the  solutions  implemented. 


Trailing  Edge  Bow.  The  first  trailing  edge  wedge  was 
bowed  excessively  and  was  not  acceptable.  An  investi- 
gation of  the  problem  resulted  in  a minor  redesign  of 
the  wedge  along  the  rear  edge . The  change  included  the 
lay-up  of  additional  graphite  in  the  trim  area,  which 
offset  the  inherent  forces  caused  by  differences  in  the 
coefficients  of  expansion  of  the  graphite  and  fiberglass 
in  the  leading  edge  area.  All  subsequent  units  were 
built  without  bow  and  all  were  acceptable. 

Trailing  Edge  Thickness  Variation.  The  upper  mold  for 
the  trailing  edge  was  designed  to  "float"  in  order  to 
compensate  for  differences  in  the  bulk  factor  of  the 
uncured  material.  The  upper  mold  was  positioned  over 
the  lay-up>  and  the  entire  assembly  was  bagged  for 
curing.  Once  the  trailing  edge  reached  curing  tempera- 
ture, the  bag  pressure  would  then  compact  the  trailing 
edge.  However,  with  the  mold  location  floating, 
variations  in  the  trailing-edge  thickness  were 
encountered  in  each  unit. 

The  -condition  was  further  aggravated  by  the  various  type 
of  graphite  material  in  the  trim  area.  Since  the  area 
with  the  added  graphite  is  trim  material  and  not  part  of 
the  blade,  existing  graphite  on  hand  was  used  to  avoid  a 
program  schedule  impact. 


Figure  91.  Inspection  Being  Performed  on  Fairing  Assembly  After  Skin-to-Core  Curing 
Operation 


Figure  92.  Fairing  Assembly  Machined  and  Ready  for  Bonding  on  Blade  No.  1 


The  problem  has  been  resolved  on  prototype  blades  by 
better  containment  of  the  upper  mold,  the  addition  of  a 
series  of  fixed  stops,  and  the  procurement  of  uniform 
material. 

Trailing- Edge  Bag  Failures.  On  two  assemblies  the  bag 
film  developed  a leak  during  the  curing  cycle.  On  unit 
number  4,  the  failure  resulted  in  a delamination  on  the 
inboard  end,  and  the  trailing  edge  was  not  usable.  To 
resolve  the  ;7'_'oblem,  redundant  bagging  was  utilized. 

This  "fix"  was  used  on  unit  number  5 and  on  all  subse- 
quent units  with  good  results. 

Core  Slippage  During  Cure.  On  the  first  unit,  the 
trailing  edge  and  core  slipped  forward  during  the 
curing  operation.  As  a result,  the  lower  airfoil  skin 
was  wrinkled  when  the  assembly  was  removed  from  the 
tool.  This  occurred  because  the  skin  is  still  flexible 
during  the  cure  cycle  and  any  movement  of  the  Nomex 
honeycomb  results  in  the  skin  being  displaced  accordingly. 
In  turn,  localized  wrinkling  or  delamination  will  be 
experienced. 

The  honeycomb  and  trailing  edge  are  contained  by  tooling 
pins  which  are  located  at  spaced  intervals  along  the  aft 
edge.  These  pins  extend  into  trailing  edge  holes  and 
mate  with  an  upper  caul  plate.  With  the  basic  fairing 
configuration  being  tapered,  the  bag  pressure  is  down- 
ward but  with  a large  component  force  in  the  forward 
direction.  This  force  created  the  forward  movement,  or 
"lemon  seeding"  effect  on  unit  number  1,  which  also 
distorted  the  pin  holes  v/ithin  the  tool.  In  addition, 
the  pin  holes  in  the  trailing  edge  were  elongated,  or 
pulled  to  a degree,  and  localized  crazing  of  the  fiber- 
glass and  graphite  occurred. 

A tool  modification  was  incorporated  and  the  problem  was 
resolved.  The  modification  consisted  of  increasing  the 
pin  diameter,  using  longer  pins  that  were  recessed 
further  into  the  tool,  and  a general  reinforcement  of 
the  upper  caul  plate. 
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The  wrinkling  in  unit  number  1 was  concentrated  in  the 
test  panel  area  and  the  forward  skin  area.  As  a result, 
the  assembly  could  be  saved,  since  all  of  the  major 
problems  were  in  areas  requiring  trim.  The  fairing  was 
then  bonded  to  a non-flying  blade  which  was  to  be  cut  up 
and  tested. 

Discrepant  Leading-Edge  Cut.  The  first  fairing  to  be 
machined  experienced  a problem  with  insufficient  material 
along  the  leading  edge,  resulting  in  a discrepant  "V" 
notch  cut  spanwise  along  the  fairing.  After  investigation 
the  problem  was  identified  to' be  occurring  during  the 
core-to-skin  bonding  operation.  In  effect,  the  assembly 
was  bonded  with  the  leading-edge  forward  location  too  far 
aft  in  relation  to  the  trailing  edge.  There  were  a 
number  of  factors  which  contributed  to  this  problem,  and 
corrective  action  was  initiated  to  resolve  each  one. 

The  tooling  holes  were  the  source  of  greatest  concern. 

The  crazing  and  pulling  the  holes  experienced  during 
the  bonding  of  core  to  wedge  and  core  to  skin  served 
to  further  aggravate  the  condition.  The  pin  modi- 
fication previously  described  was  incorporated,  and 
this  made  a significant  improvement  but  did  not  perma- 
nently resolve  the  problem. 

The  concept  of  retaining  the  fairing  by  tooling  pins  is 
now  considered  to  be  marginal,  and  it  has  been  decided 
that  an  improved  concept  is  mandatory  for  the  HLH 
prototype.  Along  the  aft  edge,  a bulb  or  "dog's  knot" 
will  be  molded  into  the  wedge.  This  bulb  will  be  used 
to  locate  the  fairing  assembly  chordwise  by  its  engage- 
ment in  a mating  slot  in  each  tool. 

Core -to-C ore  Bond.  Rework.  On  two  units,  the  spanwise 
core-to-core  bond  was  discrepant  and  had  to  be  repaired. 
The  problem  was  caused  by  insufficient  pressure  at  the 
core  splice.  This  was  corrected  by  revising  the  tool 
loading  technique  and  adding  a small  honeycomb  core 
section.  The  new  section  with  the  existing  three 
segments  generated  additional  spanwise  pressure.  The  in- 
creased pressure  on  the  bond  joint  ensured  a good  bond. 
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Additional  corrective  action  was  implemented  by  revising  the 
padding  techniques  prior  to  the  bagging  operation.  Rubber  pads 
are  required  at  transition  points  to  prevent  a concentration  of 
bag  pressure  which  could  locally  crush  the  honeycomb.  Careful 
placement  of  these  pads  results  in  the  application  of  addition- 
al pressure  to  the  bond  joint  and  improvement  in  the  quality  of 
the  resultant  bond. 


Trailing-Edge  Coordination  Holes.  The  cured  trailing  edge  is 
drilled  along  the  aft  edge  to  provide  coordination  points  for 
subsequent  operations.  The  initial  location  was  obtained  from 
the  trailing-edge  bonding  tool  and  then  drilled  out  by  hand. 
The  result  was  a slight  variation  in  hole  location  from  unit 
to  unit,  which  created  difficuties  in  later  operations. 


The  interim  resolution  for  the  remaining  aft  blades  was  to  pro- 
vide a drill  fixture  to  eliminate  the  human  element.  The 
permanent  fix  has  been  established  and  will  be  used  for  all 
forward  blades  and  for  all  aft  blades  subsequent  to  the  proto- 
type program.  The  solution  involves  the  use  of  a bulb  or 
"dog's  knot"  as  an  integral  part  of  the  aft  edge  for  coordina- 
tion purposes  as  previously  described.  The  bulb  will  provide 
excellent  location  features  and  eliminate  the  entire  drilling 
operation.  The  bulb  is  aft  of  the  final  trim  line  and  is  not 
included  in  final  blade  configuration. 


Trailing-Edge  Trim.  The  initial  blades  were  fabricated  with 
both  ends  contained,  in  an  effort  to  minimize  trim  require- 
ments. This  created  a trim  problem,  with  insufficient  material 
to  permit  the  removal  of  the  rough  edge,  and  tended  to  induce 
the  wrinkling  of  fibers.  The  permanent  resolution  implemented 
was  to  modify  the  tool,  allowing  the  trailing-edge  spanwise 
length  to  grow  freely  during  cure  and  to  provide  sufficient 
material  for  trimming.  On  subsequent  units,  the  ends  were 
trimmed  with  no  apparent  problems. 


Discrepant  Airfoil  Contours.  The  first  unit  to  have  the  upper 
airfoil  Nomex  honeycomb  machined  was  purposely  bonded  to  a 
blade  prior  to  machining  any  additional  units.  The  airfoil 
height  had  been  intentionally  machined  oversize  to  ensure  that 
proper  crush  pressure  in  the  honeycomb  would  be  achieved. 


After  the  first  blade  was  bonded  and  inspected,  a decision 
was  made  to  proceed  with  the  machining  of  the  fairings.  The 
honeycomb  crush  factor  had  been  evaluated,  and  it  was  indi- 
cated that  the  normal  airfoil  height  would  give  sufficient 
crush  pressure. 

The  second  unit  was  machined  and  then  bonded  to  a blade. 
After  inspection,  it  was  suspected  that  a number  of  areas 
had  improper  crush  pressure  during  bond.  As  a result,  an 
investigation  was  initiated  to  determine  the  source  of  the 
problem.  Fairing  numbers  3,  4,  and  5 were  machined  and  on 
hand,  ready  for  bonding  to  a blade.  The  fairings  were  in- 
spected and  found  to  have  discrepant  core  heights  (both 
high  and  low  spots) . The  machining  operation  was  termi- 
nated pending  completion  of  the  overall  investigation  and 
the  identification  of  a solution.  The  corrective  action 
that  was  established  required  the  return  of  these  dis- 
crepant units  for  remachining.  A team  was  dispatched  to 
the  Hexcel  Corporation,  Graham,  Texas,  to  review  the  core 
cutting  operation  and  to  implement  those  changes  required 
to  achieve  the  proper  machining.  The  team  reviewed  the 
overall  machining  setup,  with  unit  number  6 in  place.  The 
general  conclusion  of  the  team  was  that  the  fairings  were 
being  improperly  positioned  in  the  tool  during  the  loading 
process.  The  fairing  was  repositiond  and  then  machined.  A 
subsequent  inspection  indicated  an  overall  improvement,  and 
and  three  discrepant  fairings  were  then  remachined. 


Final  disposition  was  to  implement  better  and  more 
stringent  controls  during  the  setup  and  machining 
operations.  Additional  contour  templates  were  fabri- 
cated and  provided  to  ensure  better  inspection  of  the 
completed  operation. 


Aft  Fairing  "Lessons  Learned" 

A number  of  changes  were  identified  and  will  be  imple- 
mented prior  to  beginning  the  prototype  program.  The 
fairing  holding  fixture  (VFM)  will  be  modified  to  provide 
positive  location  and  facilitate  improved  inspection. 
Additional  templates  will  be  provided  to  check  contour 
during  core  machining.  The  fairings  will  have  a trim 
opera-cion  added  to  remove  the  rough  edges  along  the  skin. 
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The  assembly  will  be  inspected  prior  to  shipment  to  iden- 
tify and  remove  obstructions  on  the  skin  surface  that 
could  prevent  the  fairing  from  seating  in  the  holding  fix- 
ture. 

The  equipment  used  to  machine  the  fairings  utilizes  a me- 
chanical tracer  which  follows  a machined  tool  pattern.  On 
follow-on  programs,  the  use  of  this  equipment  is  considered 
to  be  undesirable.  It  is  currently  planned  to  utilize  NC- 
controlled  equipment  that  has  a bed  length  adequate  to 
machine  the  entire  core  system  of  the  HLH  prototype  blades 
with  a single  setup.  With  such  equipment,  errors  inherent 
with  a tracer  machine  will  be  avoided,  and  more  precise 
core  machining  will  be  attained. 

BLADE  BONDING 

After  installation  of  the  spar  fittings,  the  next  major  opera- 
tion is  bonding  of  the  fairing  subassembly  and  spar  subassem- 
bly into  a bonded  blade  assembly  in  the  main,  blade  bonding 
fixture  (BAJ) . The  operation  begins  with  a pre-fit  check  of 
the  spar  in  the  main  bonding  fixture.  This  is  followed  by  a 
pre-fit  of  the  fairing  assembly.  Measurements  are  taken  at 
critical  points  to  ensure  proper  closing  of  the  tool.  (Refer 
to  Figure  93.)  The  main  bond  fixture  is  then  unloaded,  and  the 
upper  airfoil  skin  is  laid  into  the  bottom  half  of  the  fix- 
ture. An  internal  mandrel  is  positioned  inside  the  spar,  and 
both  ends  of  the  spar  are  sealed.  The  internal  mandrel  is  re- 
quired to  provide  positive  support  for  the  spar  heel  during  the 
cure  operation.  The  spar  and  fairing  are  then  positioned  in 
the  fixture,  together  with  the  required  adhesives  (FM37  and 
EA9628) . Next,  tha  upper  halves  of  the  tool  are  placed  over 
the  assembly  and  secured.  The  computer-controlled  heating 
elements  are  connected,  and  the  curing  cycle  started.  After 
the  cure,  the  bonded  blade  is  removed  from  the  fixture,  and  the 
outboard  end  (test  article)  is  trimmed  off.  The  spar  seals 
are  removed,  and  the  internal  mandrel  is  extracted.  At  that 
time  the  trailing  edge  tool  coordination  holes  are  no  longer 
required  and  the  entire  aft  edge  is  routed  off  to  the  proper 
chordal  dimensions.  (Refer  to  Figures  94  and  95.) 


Blade  Bonding  "Lessons  Learned” 


The  entire  bonding  operation  was  performed  with  excellent 
results,  and  the  process  v;ill  be  utilized  in  follow-on 
programs.  However,  a number  of  developmental- type  problems 
were  encountered  on  the  ATC  program.  The  following  para- 
graphs discuss  these  problems. 

Localized  Skin  Cracks 


On  three  of  the  seven  blades  fabricated,  localized  skin 
cracks  were  encountered.  The  fourth  blade  was  the  first 
that  experienced  severe  cracking.  However,  during  the 
resultant  investigation,  evidence  of  crack  initiation 
was  also  noted  on  blade  numbers  1,  2,  and  3,  but  to  a 
very  minor  degree.  To  resolve  this  problem,  a number 
of  the  curing  operations  were  changed  on  the  next 
blades.  In  each  case,  the  cracking  was  reduced  but  not 
eliminated.  The  problem  source  has  now  been  identified/ 
and  a fix  will  be  incorporated  into  the  prototype  blades. 

Briefly,  the  cracking  is  caused  by  thermal  pressure  in 
the  aft  fairing  region,  where  three  separate  forces  are 
interacting.  On  cool  down,  the  graphite  force  component 
is  directly  opposite  those  forces  within  the  fiberglass. 
The  condition  is  further  aggravated  by  tool  forces  that 
are  applied  as  a result  of  the  tool  cooling  down  and 
contracting  at  a rate  faster  than  the  blade.  One  of 
the  changes  implemented  on  the  ATC  program  v/as  to 
relieve  the  ball  pressure  on  the  upper  and  lower  bond 
fixture  castings.  In  effect,  th.'.s  reduced  the  forces 
that  the  tool  applied  to  the  fiberglass  and  minimized 
cracking . 

The  permanent  fix  includes  bringing  the  inner  blade  skin 
all  the  way  back  and  over  the  trailing  edge  wedge.  On 
the  ATC  blades,  the  inner  skin  stopped  approximately 
6 inches  forward  of  the  trailing  edge.  This  lay-up 
caused  the  skin  to  be  weakest  in  the  area  exposed 
to  thermal  forces  during  cool  down. 

Bridging  of  Uncured  Skin 

After  bonding  blade  number  2,  a slight  bridging  condition 
was  noted  on  the  uncured  skin.  The  bridging  was 
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localized  between  the  core  leading  edge  and  the  spar 
heel,  in  an  area  where  the  skin  is  unsupported  and 
without  pressure.  Hie  front  edge  of  the  skin  is  retained 
by  the  positive  pressure  applied  to  the  spar  heel. 
Similarly,  all  of  the  skin  over  the  honeycomb  core  is 
properly  contained  with  the  exception  of  the  small 
transition  area  along  the  spar  heel.  This  area  is  not 
exposed  to  adequate  pressure  and  is  free  to  bridge. 

The  first  attempt  to  resolve  this  problem  included  the 
use  of  a pre-cured  glass  shim  that  would  provide  the 
necessary  support  during  cure.  The  concept  was  success- 
ful and  eliminated  the  bridging  condition;  however,  the 
shim  proved  to  be  difficult  to  retain  in  place  during 
the  cure  cycle.  The  final  resolution  was  to  increase 
the  shim  width,  providing  better  retentio.i  of  the  part 
during  the  cure  cycle.  The  "new"  bridge  was  used 
successfully  on  blade  numbers  6 and  7. 

BLADE  FINAL  ASSEMBLY 

Final  assembly  of  the  blade  includes  boring  the  root  end, 
installation  of  blade  hardware,  activating  the  Integral  Spar 
Inspection  System  (ISIS),  painting,  and  teeter  balance.  The 
blade  hardware  consists  of  the  trim  tabs,  tie-down  fitting, 
tip  cover,  inboard  and  outboard  ribs,  inboard  ISIS  bulkhead, 
teeter  hardware,  ISIS  mount,  ISIS  indicator  and  valve,  in- 
board bulkhead,  damper  fitting,  sleeves,  washers,  erosion 
cap,  lightning  protection  and  tip  targets.  (Refer  to 
Figures  96  and  97) . 

Blade  Fabrication 

The  following  paragraphs  are  brief  descriptions  of  the  final 
assembly  operations,  the  problems  encountered,  and  the  correc- 
tive actions  implemented. 

Boring  Operations 

The  boring  and  counter  boring  of  the  holes  in  the  root 
end  of  the  blade  are  performed  in  a special  boring  fixture 
designed  for  the  HLH  blade  (Figures  54  and  98) . This  fix- 
ture is  also  used  in  aligning  the  lag  damper  fitting  in  the 
root  end  of  the  blade  and  the  installation  of  the  sleeves.  In 


147 


■e  98. 


boring  these  holes,  a problem  was  encountered  with  the  cut- 
ting tools  not  producing  a smooth  finish,  and  the  counter 
bores  tended  to  be  oval  shaped.  With  some  experimentation, 
the  ideal  cutter  configuration  was  identified  and  used  with 
good  results. 


ISIS  Backing  Plates  (see  Figure  99) 

Installation  of  the  Integral  Spar  Inspection  System  (ISIS) 
involves  six  major  steps.  The  first  step  is  laying  out 
and  drilling  the  ISIS  indicator  mount  hole  in  the  spar 
shank.  Next,  the  inside  of  the  spar  where  the  plates  nest 
is  prepared  to  receive  the  plates.  The  plates  and  areas 
in  the  spar  are  coated  with  adhesive,  and  the  plates  are 
then  installed  using  a locator  tool.  When  cured,  the  tool 
is  removed  and  excess  adhesive  is  cleaned  off.  On  blade 
number  1,  a teflon  locator  was  used  for  this  operation; 
however,  the  locator  was  not  durable  enough  for  repeated 
operations,  and  a metal  locator  was  designed. 

ISIS  Mount  (see  Figure  99) 

Ths  ISIS  mount  is  installed  directly  into  the  backing 
plates  previously  installed.  The  first  operation  is  a dry 
fit  and  shimming  operation  to  achieve  proper  position- 
ing. Next,  the  surfaces  of  the  parts  are  prepared  with 
sealant,  and  the  mount  is  installed  and  torqued.  The  last 
ope:,  at  ion  is  to  seal  around  the  spar  and  mount,  and  then  to 
cure. 

Indicator  and  Valve  Assembly  (see  Figure  99) 

After  the  mount  is  cured,  the  surfaces  of  the  mount  and 
the  ISIS  indicator  and  valve  are  prepared  and  coated  with 
sealant.  The  indicator  and  valve  are  then  installed  in 
the  mount,  torqued  and  scaled.  When  cured,  the  assemblies 
are  cleaned  and  readied  for  the  next  operation. 

Inboard  Bulkhead  (see  Figure  99) 

Before  installing  the  inboard  ISIS  bulkhead,  the  inside  of 
the  spar  at  Stations  76  through  82  must  be  prepared  for 
sealant.  The  sealant  is  applied  where  the  bulkhead  seats, 
and  the  bulkhead  is  positioned  in  the  sealant  and  pressed 
against  the  two  bulkhe.id  backing  plates.  The  bulkhead  is 
held  in  place  with  a shop  aid  tool.  When  the  sealant  is 
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cured,  it  is  inspected  prior  to  more  fillets  being  applied 
to  the  bulkhead.  After  a 24-hour  cure,  the  tool  is  re- 
moved, and  the  bond  area  is  cleaned. 

Outboard  Bulkhead  (see  Figure  99) 

The  outboard  blade  inside  mold  line  (IML)  is  prepared  by 
sanding,  cleaning  and  priming.  When  the  primer  is  dry,  a 
sealant  is  applied  to  each  of  the  four  corners  inside  the 
spar.  The  bulkhead  is  installed  1/8  inch  back  from  the 
final  location,  a bead  of  sealant  is  applied,  around  the 
bulkhead,  and  the  bulkhead  is  pulled  into  place  with  a lo- 
cating tool.  After  this  initial  cure,  two  more  applica- 
tions of  sealant  (BMS-544)  are  applied,  each  having  a 24- 
hour  cure  time.  When  the  last  appll.„aLion  of  sealant  has 
cured,  the  tool  is  removed  and  the  blade  is  ready  for  the 
next  operation. 

ISIS  Activation  and  Test  (see  Figure  99) 

At  this  point,  the  ISIS  system  is  leak-checked  as  described 
in  the  Quality  Assurance  section,  since  the  inboard  bulk- 
head becomes  inaccessible  after  the  lag  damper  fitting  is 
installed.  The  spar  cavity  is  pressurized  to  2.0  psig 
with  helium,  and  the  entire  spar  is  checked  with  a leak  de- 
tector. Any  discrepant  conditions  are  reworked  and  the 
spar  is  then  evacuated  to  7.5  psia.  After  evacuation,  the 
ISIS  valve  is  closed,  capped  and  torqued.  The  ISIS  sys- 
tem is  monitored  for  a specified  period  to  ensure  against 
any  minute  leaks. 

Lag  Damper  Fitting  Installation 

This  operation  begins  with  filling  in  the  grooves  and 
clevises  in  the  root-end  opening.  The  lag  damper  fitting 
is  then  installed  in  the  root  end  to  ensure  proper  fit. 
Next,  the  root  end  lag  damper  fitting  is  prepared  and  re- 
installed with  temporary  locating  tools.  The  blade  is 
then  installed  in  the  boring  fixture,  where  the  damper  arm 
is  aligned  and  cured.  The  lag  damper  is  shown  in  Figure 
100. 

Sleeves  and  Washers 

While  the  damper  fitting  is  curing,  the  sleeves  are  pre- 
pared for  installation.  The  sleeves  are  shrunk  with  a 
freezing  agent  (e.g.,  liquid  nitrogen)  and  installed 
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using  mandre-ls  and  an  adapter  to  pull  the  sleeves  into 
place.  At  this  point,  the  moisture  is  dried  from  the 
sleeves,  using  heat  lamps,  and  the  blade  is  removed  from 
the  boring  fixture.  Filler  is  injected  between  the  root 
end  bores  and  the  O.D.  of  the  sleeves.  The  washers  are 
prepared,  and  a sealant  is  applied  to  the  counter  bores  on 
the  root  end  of  the  blade.  The  washers  are  then  installed 
in  the  sealant,  the  holding  tools  are  installed,  and  a bead  of 
sealant  is  applied  over  the  edge  of  the  washers.  After  a 
24-hour  cure,  the  tools  are  removed,  and  the  blade  is  ready 
for  the  next  operation. 

Trim  Tabs 

This  operation  consists  of  bonding  four  sheetmetal  tabs 
to  the  trailing  edge  of  the  blade,  using  a cold  bond  ad- 
hesive system.  The  trim  tabs  are  located  and  clamped  in 
place  with  a tool  designed  for  this  operation.  After 
cure,  the  tools  are  removed,  and  the  trim  tab  areas  are 


Figure  100.  Lag  Damper  Fitting 


cleaned  and  trimmed.  On  the  first  blade,  a voided  area 
was  found  during  inspection.  This  problem  was  resolved  by 
additional  clamping. 

Tie-Down  Fitting 

Installation  of  the  tie-down  fitting  includes  step-dril- 
ling a series  of  holes  using  a drill  jig  locator  tool. 

The  tie-down  fitting  is  primed  with  a sealant  and  instal- 
led on  the  outboard  end  of  the  blade,  using  four  mounting 
screws . 

Lightning  Protection 

Lightning  protection  consists  of  four  strips  of  aluminum 
foil  and  a brass  strap  with  approximately  four  feet  of 
wire  brazed  to  it.  The  aluminum  foil  is  bonded  under  the 
inboard  and  outboard  ribs  on  each  side  of  the  fairing  and 
runs  from  the  trailing  edge  to  the  titanium  cap.  The 
brass  strap  is  bonded  on  the  root  end  overlapping  the  ti- 
tanium cap,  and  the  wire  is  attached  to  the  lag  damper 
fitting. 

Inboard  and  Outboard  End  Ribs 


The  ribs  are  molded  synthetic  rubber  and  are  bonded  to 
the  ends  of  the  fairing  with  cold  bond  adhesive.  During 
the  initial  installation,  problems  were  encountered  with 
the  ribs  being  distorted  afrer  bond.  This  was  corrected 
by  covering  the  exposed  core  cells  on  the  ends  of  the 
fairing  with  a filler  and  sanding  to  a smooth  surface 
prior  to  installing  the  ribs. 

Nickel  Erosion  Strip 

This  installation  includes  preparing  the  area  on  the 
blade  leading  edge  and  applying  adhesive  to  both  the 
blade  and  the  erosion  strip.  The  erosion  strip  is  then 
positioned,  holding  blocks  are  applied,  and  the  entire 
assembly  is  bagged.  A vacuum  is  held  for  24  hours,  and 
the  bag  and  blocks  are  then  removed.  The  erosion  strip 
and  leading  edge  are  cleaned  and  prepared  for  inspection. 
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Painting 

Because  it  is  a matched  molded  blade,  the  preparation  for 
paint  becomes  a much  simpler  task  than  that  for  conven- 
tional blades  currently  in  production.  Only  minor  rework 
is  required  to  eliminate  surface  irregularities  prior  to 
painting.  Application  of  paint  is  similar  to  that  of  con- 
ventional blades  except  for  the  conductive  coating.  The 
conductive  paint  system  requires  careful  monitoring  during 
application  to  ensure  that  proper  resistances  are  main- 
tained. 

Weight  Control  and  Teeter  Balance 

To  develop  weight  and  balance  data  for  the  completed  blade, 
each  subassembly  is  weighed  prior  to  being  assembled  into 
a major  component.  The  major  components  are  weighed  by 
using  a two-point  scale  system. 

The  blades  are  balanced  to  a specified  span  mcanent,  devel- 
oped by  Engineering,  using  the  heaviest  blade  as  a master. 
To  balance  each  blade  to  the  specified  span  moment, 
weights  are  added  to  the  tip  weight  fittings. 

The  overall  operation  experienced  very  few  problems,  and 
the  teeter  stand  functioned  very  satisfactorily,  A prob- 
lem was  encountered  with  installation  of  weights,  where 
threads  tended  to  bind  on  the  fitting  cavity.  The  problem 
was  severe  enough  to  stimulate  a dessign  improvement,  which 
will  be  incorporated  into  the  prototype  blades. 

Tip  Cover  and  Tracking  Targets 

After  painting  and  teeter  balancing  the  blades,  the  track- 
ing hardware  is  secured,  and  the  tip  cover  is  installed.  A 
special  tracking  target  is  installed  over  the  tip  cover, 
picking  up  two  of  the  four  tip  cover  mount  screws. 

Blade  Assembly  Summary 

With  the  installation  of  the  tip  cover  and  tracking  targets, 
the  final  assembly  operations  of  the  HLH  rotor  blade  are  com- 
plete, and  the  finished  product  is  ready  for  fina]  inspection, 
tracking  and  end-item  use.  Weight  control  during  the  detail 
fabrication  and  subassembly  operations  was  extremely  success- 
ful. Of  the  seven  ATC  blades  produced  to  date,  all  achieved 
the  specified  weight  of  765  pounds  (excluding  the  damper  arm) . 
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The  variation  of  weight  between  the  lightest  and  heaviest 
blade  was  5 pounds  after  teetering  or  less  than  1%  of  the 
specified  blade  weight.  Figure  101  is  a size  cojy.parison 
between  the  HLH  and  CH-47  rotor  blades. 

BLADE  DETAILS 

Tne  data  in  Table  1 is  presented  to  provide  some  visibility 
of  the  detail  parts  included  in  the  HLH  blade.  The  list  of 
detail  parts  has  been  compiled  numerically  by  part  number 
and  includes  the  drawing  nomenclature  and  other  pertinent 
data.  In  the  remarks  column  is  a brief  description  of  the 
part,  the  part's  intended  function,  the  process  used  for 
fabrication,  or  miscellaneous  other  information  which  aids 
in  identifying  the  part.  For  additional  specific  information, 
refer  to  the  applicable  drawing. 

FABRICATION  SCHEDULING  AND  CONTROLS 

To  accomplish  the  blade  fabrication  program  on  schedule, 
each  of  the  many  tasks  was  closely  monitored  and  controlled. 

To  facilitate  the  monitoring,  detailed  schedule  charts  and 
plans  were  estc.blished  concurrent  with  the  fabrication 
concept  development.  The  charts  were  further  refined  and 
revised  as  the  program  progressed.  Examples  of  these 
charts,  and  other  charts  used  to  provide  detailed  visi- 
bility, are  shown  in  Figures  102  through  110.  The  overall 
program  schedule  is  shown  in  Figure  102.  Figures  103 
through  106  depict  the  anticipated  flow  for  each  major  work 
task.  Detailed  schedules  de'/elcpsd  to  outline  daily  require- 
ments and  sequencing  are  shown  in  Figures  107  through  108. 
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Figure  1 01.  Size  Comparison  Between  HLH  Blade  No.  1 and  CH-47  Production  Blade 
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HLH/ATC  Blade  Fabrication  Schedule 


Figure  1 03.  Titanium  Nose  Cap  Requirements  (30 1-11 174-3,  No.  2} 
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Fabrication  Plan 
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Figure  110.  Spar  and  Blade  Fabrication  Plan 


4.0  QUALITY  ASSURANCE  APPROACH 


INTRODUCTION 

The  quality  level  of  the  HLH/ATC  rotor  blades  was  achieved 
i;hrough  the  control  of  processes  used  in  blade  development  and 
by  thorough  inspections  of  details,  subassemblies,  and  the 
finished  product.  Specimens  were  fabricated  from  the  mater- 
ials used  in  blade  construction  to  check  the  validity  of 
inspection  techniques.  These  techniques,  which  ere  later 
used  to  inspect  the  rotor  blade  itself,  gave  a high  degree  of 
confidence  in  the  quality  of  materials  and  processes. 

The  critical  characteristics  of  each  blade  subassembly  were 
inspected  during  fabrication,  after  assembly  into  the  blade, 
and  after  blade  component  specimen  tests.  Final  inspection 
of  the  assembled  blades  was  performed  to  assure  compliance 
with  design  requirements.  In  addition,  four  of  the  blades 
were  subjected  to  ultrasonic,  visual  and  dimensional  checks 
following  33  hours  of  whirl  test,  as  described  in  the  para- 
graph' titled  Post  Whirl  Test  Inspection. 

QUALITY  ASSURANCE  CAPABILITY  ANALYSIS 

To  assure  the  quality  of  the  HLH/ATC  rotor  blade,  it  was 
necessary  to  inspect  the  critical  characteristics  of  its  com- 
ponents at  appropriate  stages  of  fabrication  and  assembly. 
Processes  used  in  the  fabrication  and  assembly  were  also  im- 
portant factors  in  the  development  of  a quality  end-item. 

Rigid  control  of  these  processes  was  required.  A Quality 
Assurance  Capability  Analysis  was  made  to  ensure  that  compo- 
nent characteristics  were  measured  and  processes  adequately 
controlled  during  development  of  the  blade. 

The  basic  element  of  the  Capability  Analysis  was  the  Quality 
Assurance  Flow  chart.  Figure  111,  which  shows  schemr tic ally 
the  processe*’  involved  frcm  the  receipt  of  materials  to  f;'-  il 
assembly  of  the  blade.  Each  major  block  in  the  flow  repre- 
sents a step  in  the  fabrication  sequence  at  which  controls  and 
inspections  are  required.  Figure  112  sho’-i  the  details  and 
physical  relationships  of  the  blade  coiup^’nents . 

Detailed  l„3ts  of  measurement  characteristics  and  inspection 
procedures  were  evolved  from  an  analysis  of  the  fabrication 
flow  and  the  design  requirements.  These  lists  comprised  the 
Inspection  Plan  for  the  blade  development  program.  Figure  113 
is  a typical  example  of  a list  of  characteristics  and  proce- 
dures extracted  from  the  HLH/ATC  Rotor  Blade  Inspection  Plan. 
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Figure  111.  Quality  Assurance  Flow  Chart 
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Figure  112.  HLH  Rotor  Blade  Components 
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Figure  1 13.  Typical  Quality  Capability  Analysis  Inspection  Procedure 
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301-11173-1  (Continued) 
CHARACTERISTIC  


INSPECTION  PROCEDURE 
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APPLICATION  OF  PEEL  PLY 
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301-11173-3  AND  -5 

WEIGHT 

PROPER  POSITIONING  AND  ALIGNMENT 
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PROPER  ALIGNMENT  AND  CLOSING  OF 
TOP  HALF  OF  BAJ 

PROPER  ALIGNMENT  OF  BAJ  ON 
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TEMPERATURE,  PRESSURE  AND 
CURE  CYCLE 
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VERIFY  PER  D301-10154-1 
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ULTRASONICS  PER  D301-10154-1 

RADIOGRAPHIC  PER  D301-10154-1 
AND  DWG 

WITNESS  AND  RECORD 
WEIGH  AND  RECORD 
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Figure  113.  Typical  Quality  Capability  Analysis  Inspection  Procedure  (Continued) 
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The  most  important  contribution  of  the  Capability  Analysis  was 
that  it  ensured  design  inspectability . The  analysis  was  made 
concurrently  with  the  design  of  the  blade,  enabling  coordina- 
tion between  HLH  Quality  Engineering  and  HLH  Design  Engineer- 
ing. The  joint  effort  resulted  in  a design  which  permitted 
adequate  inspection  throughout  the  fabrication  and  assembly 
of  the  blade. 

SPECIMEN  EVALUATION 


Root  End  Specimen  Inspection 


Two  rotor  blade  root  end  specimens  were  made  to  establish  fabri- 
cation methoc  ■ and  to  provide  test  specimens  for  the  develop- 
ment program.  The  required  quality  level  of  the  root  end 
specimens  was  maintained  by  monitoring  the  types  and  conditions 
of  materials,  and  by  accurately  controlling  temperature, 
pressure,  and  cure  cycle  during  material  lay-up.  The  completed 
specimens  were  dimensionally  inspected  to  make  certain  that 
the  cross-sectional  contour  and  the  spanwise  twist  met  the  re- 
quirements of  the  Master  Dimension  Identifier  (MDI) ; i.e.,  to 
verify  that  the  Y-Y  and  Z-Z  coordinates  of  the  contour  were  as 
specified  by  the  MDI  at  several  blade  stations.  Figure  114 
shows  the  MDI  coordinate  system  used  in  making  the  dimensional 
measurements . 

Nondestructive  Inspection  (NDI) 


Two  nondestructive  test  techniques  were  validated  through  lab- 
oratory investigations  involving  the  root  end  specimens.  The 
capabilities  of  penetrating  radiation  (X  ray)  and  ultrasonic 
inspection  to  detect  discontinuities  in  the  root  end  were  invest- 
igated. It  was  determined  that  both  methods  yielded  data  per- 
tinent to  the  structural  integrity  of  blade  components.  Both 
inspection  methods  were  subsequently  used  to  provide  detailed 
inspection  of  the  blade  components.  Investigation  of  the  two 
methods  was  made  as  described  in  the  following  paragraphs. 

Penetrating  Radiation  (X-Ray)  Evaluation 


Various  X-ray  techniques  utilizing  existing  equipment  were 
used  to  assure  the  capability  of  achieving  the  inspection 
requirements.  The  work  was  conducted  on  the  SK301-10168 
HLH  root  end  test  specimens,  before  and  after  the  fatigue 
test  program.  Special  emphasis  was  placed  on  developing 
techniques  for  inspecting  the  following  areas ; \he  blade 
attachment  holes  at  Station  66;  the  fiberglass  spar  straps, 
starting  at  Station  66  through  Station  94;  and  the  foam 
filler  preforms  bonded  between  the  fiberglass  spar  straps 
from  Station  66  through  Station  94. 
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To  obtain  the  maximum  amount  of  information  in  these  areas , 
a number  of  single  wall  radiographic  exposures  were  obtain- 
ed by  placing  the  film  in  the  internal  cavity  of  the  speci- 
men. Since  the  configuration  of  the  full  length  spar  did 
not  allow  easy  access  to  the  internal  cavity,  double  wall 
exposures  were  obtaineci  to  compare  their  sensitivity  to 
those  of  the  single-wall  exposures.  Comparison  of  the 
double  wall  and  single  wall  results  revealed  that  either 
method  is  capable  of  detecting  the  presence  of  fiber  dis- 
tortion and  delaminations  in  the  spar  straps,  as  well  as 
cracks  in  the  foam  filler  preforms.  Figures  115  and  116 
illustrate  typical  alignments  of  the  X-ray  beam,  root  end 
specimen  cind  film  location. 

In  addition  to  the  fiber  conditions  detected  in  these  areas , 
the  radiographic  inspection  of  the  root  end  test  specimens 
revealed  several  material  anomalies.  For  example,  areas 
of  greater  material  density  were  noted  around  Station  66 , 
Station  95,  and  Station  135.  The  source  of  these  dense 
inclusions  was  not  determined  since  a destructive  section- 
ing of  the  root  end  specimens  was  not  performed.  Also, 
station  areas  75  through  140  showed  random  evidence  of  dis- 
torted and  broken  lead  silicate  strand  m.aterial. 

It  was  concluded  from  this  study  that  penetrating  radiation 
(X-ray)  techniques  are  capable  of  determining  variations 
in  the  material  lay-ups.  Specifically,  delaminations,  dis- 
torted fibers,  broken  lead  silicate  strands,  material  den- 
sity changes  and  cracked  foam  preforms  can  be  detected  in 
the  root  end  area  of  the  blade. 

Ultrasonic  Evaluation 


The  purpose  of  the  ultrasonic  evaluation  was  to  develop 
techniques  for  adapting  existing  equipment  for  tfie  inspec- 
tion of  the  HLH  blade.  Ultrasonic  evaluation  of  the  two 
root  end  specimens  was  performed  using  bcth  low  frequency 
(30  kHz)  and  normal  frequency  (2.25  MKz)  ultrasonic 
instrumentation. 

A low  frequency  Zetec  "Gondicator"  , empj  •'ying  a dual 
(pitch/catch)  air-coupled  contact  probe,  was  used  to 
determine  the  quality  level  of  the  cross-ply  outer  torsion 
wrap  to  the  uni -packs.  Measurable  surface  defects  were 
used  as  references  for  calibrating  the  Gondicator  re- 
sponses. On  the  basis  of  the  responses  from  these  areas, 
che  entire  outside  surface  of  each  specimen  was  inspected. 
All  specimen  areas  indicating  an  ultrasonic  response  equal 
to  or  greater  than  those  of  the  referenced  areas  were  out- 
lined on  the  root  end  specimen  and  are  plotted  in 
Figures  117  and  118.  Ultrasonic  test  data  taken  after 
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Figure  115.  Typical  Relationship  of  Fiberglass  Spar  Straps  to  Penetrating  Radiation 
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the  structural  test  program  are  also  shown  i Figures  117 
and  118.  Ultrasonic  test  data  taken  after  the  structural 
test  program  are  also  shown  in  Figures  117  and  118. 

A normal  frequency  ultrasonic  evaluation  was  performed  at 
a frequency  of  1 MHz  using  an  Automation  Industries  Re- 
flectoscope  UM-721,  with  a 3/4-inch-diameter  contact  search 
unit  and  a liquid  couplant  (glycerine) . The  evaluation 
was  limited  to  the  area  between  Stations  103  and  140  due 
to  the  configuration  of  the  specimen.  No  ultrasonic 
responses  were  received  in  this  area. 

An  evaluation  of  other  accessible  areas  of  the  spar  speci- 
men surface  was  also  performed,  using  a modified  immersion, 
through-transmission  method.  However,  due  to  the  fixtur- 
ing  required  to  manipulate  the  search  unit  and  contour 
problems,  discrepant  areas  could  not  be  defined.  (This 
through-transmission  evaluation  required  that  the  root 
end  specimen  be  filled  with  water  and  the  search  unit  be 
manipulated  manually.) 

BLADE  INSPECTION 

Raw  Materials 


General  Requirements 


Procured  materials  were  source-inspected  in  accordance 
with  Boeing  Vertol  purchase  requirements.  Supplier  inspect- 
ion data  was  submitted  with  the  procured  material.  In 
addition  to  the  source  inspections,  verification  tests  were 
performed  by  the  Quality  Control  Materials  and  Processes 
Laboratory  when  required.  To  avoid  the  use  of  materials 
with  degraded  quality  due  to  age  and/or  use,  all  materials 
were  marked  to  indicate  the  remaining  useful  life.  Data 
was  recorded  and  maintained  in  accordance  with  Boeing 
Vertol  procedures. 

Additional  Requirements  for  Ti6Al-4V  Sheet 


Ti6Al“4V  cor:ti:iuously  rolled  sheet  was  inspected  to  BMS 
7-197B  and  additional  drawing  requirements.  Source 
inspections  were  made  to  verify  that  the  material  met  the 
drawing  requirements  in  the  following  areas:  chemistry, 
mechanical  properties,  heat  treatment,  surface  finish 
thickness  and  flatness.  Problems  were  encountered  specif 
ically  in  the  surface  finish  and  thickness  requirements. 
These  problems  were  resolved. 


137 


Figure  117.  HLH/A  TC  Root  End  Test  Specimen  No.  1 (Upper  Surface) 


Inspection  Controls 
Titanixnn  *C*  Cap 


The  forming  and  processing  of  the  titanium  ’C'  cap  were 
performed  at  the  Boeing  Wichita  Division.  The  forming 
operations  were  controlled  in  the  following  manner: 

o Digital  measurement  of  thickness  was  made  before  and 
after  each  etching  operation. 

o Hydrogen  analysis  was  performed  during  each  etching 
operation. 

o Time  and  temperature  were  controlled  during  the  form- 
ing operations. 

o Bell  peel  specimens  were  made  to  verify  the  cleaning 
cycle  prior  to  bonding. 

o Contours  were  checked  at  control  stations  by  use  of 
offset  templates  and  also  by  a comparison  of  contour 
casts  with  mylar  printouts. 

Figure  119  shows  the  titanium  'C  cap  on  the  check  fixture. 
'D*  Spar 

Standard  Quality  Control  inspection  procedures  and  non- 
destructive inspection  techniques  were  used  for  the 
objective  evaluation  of  the  quality  and  uniformity  of 
the  'D'  sp^u:. 

Process  Control.  The  bond  strength  between  the  titanium 
'C  cap  and  fiberglass  'D'  spar  was  determined  by  perform- 
ing a lap  shear  test  using  specimens  taken  from  the  Quality 
Assurance  process  control  panel,  which  was  an  extension 
(outboard  of  Station  552)  of  the  'D'  spar  (Figure  120) . 

The  lap  shear  test  was  accomplished  by  applying  a load  along 
an  imaginary  straight  line  passing  through  the  center  of 
the  bonded  area  and  throucrh  the  points  of  suspension  of  the 
specimen.  Lap  shear  strength  was  obtained  by  dividing  the 
applied  load  by  the  area  of  the  overlap  joint  measured  to 
the  nearest  0.01  square  inch.  The  area  and  the  maximum 
stress  in  Ibs/sq.  in.  of  actual  bond  area  were  recorded. 
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Inspection  Controls 


Titanium  *C*  Cap 

The  forming  and  processing  of  the  titanium  ’C  cap  were 
performed  at  the  Boeing  Wichita  Division.  The  forming 
operations  were  controlled  in  the  following  manners 

o Digital  measurement  of  thickness  was  made  before  and 
after  each  etching  operation. 

o Hydrogen  analysis  was  performed  during  each  etching 
operation. 

o Time  and  temperature  were  controlled  during  the  form- 
ing operations. 

o Bell  peel  specimens  were  made  to  verify  the  cleaning 
cycle  prior  to  bonding. 

o Contours  were  checked  at  control  stations  by  use  of 
offset  templates  and  also  by  a comparison  of  contour 
casts  with  mylar  printouts. 

Figure  119  shows  the  titanium  'C  cap  on  the  check  fixture. 

* D ' Spar 

Steindard  Quality  Control  inspection  procedures  and  non- 
destructive inspection  techniques  were  used  for  the 
objective  evaluation  of  the  quality  and  uniformity  of 

the  'D'  spar. 

Process  Control.  The  bond  strength  between  the  titanium 
'C  cap  and  fiberglass  ’D'  spar  was  determined  by  perform- 
ing a lap  shear  test  using  specimens  taken  from  the  Quality 
Assurance  process  control  panel,  which  was  an  extension 
(outboard  of  Station  552)  of  the  'D'  spar  (Figure  120) . 

The  lap  shear  test  was  accomplished  by  applying  a load  along 
an  imaginary  straight  line  passing  through  the  center  of 
the  bonded  area  and  through  the  points  of  suspension  of  the 
specimen.  Lap  shear  strength  was  obtained  by  dividing  the 
applied  load  by  the  area  of  the  overlap  joint  measured  to 
the  nearest  0.01  square  inch.  The  area  and  the  maximum 
stress  in  Ibs/sq.  in.  of  actual  bond  area  were  recorded. 
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Major  Dimensional  Inspections.  All  blade  components  and 
bonded  assemblies  were  dimensionally  inspected  during 
blade  fabrication.  This  included  major  and  minor  char^ 
acteristics  as  defined  in  the  Quality  Capability  Analysis 
and  typical  components  as  shown  in  the  HLH  Spar  Assembly 
diagram  (Figure  121)  and  in  the  HLH  Rotor  Blade  Pabricati'^i 
Sequence  diagram  (Figure  122). 

Major  emphasis  was  placed  on  the  'D'  spar.  The  blade 
Master  Dimension  Identifier  (MDi.)  describes  the  outer 
contour  of  the  'D'  spar,  which  in  turn  is  machined  a 

two-part  mold  (spar  bonding  assembly  jig)  to  be  used  \;o 
form  the  'D'  spar.  The  same  MDI  data  used  in  makind  the 
mold  contour  serves  as  the  basis  for  dimensional  measure- 
ments of  the  spar  itself.  Figure  123  is  a simplifi-.d 
sketch  illustrating  the  reference  lines  and  coordi  r te 
systems  used  to  obtain  raw  data.  The  spars  were  yc  j.l- 
tioned  in  a fixture  and  aligned  optically  relativ'i  to 
the  pitch  axis  and  root  end  control  station. 

Chordwise  bow  (measured  in  the  Y-Y  direction)  refers  to 
the  amount  of  bow  in  the  'D'  spar  when  compared  '-.o  the 
design  MDI  data.  Similarly,  flapwise  bow  is  me,  ,f.•^red 
in  the  Z-Z  direction.  The  raw  data  is  recorded  ' t various 
stations.  The  data  for  spar  number  5 is  shown  j.n  Figure 
124.  This  data  is  converted  into  flapwise  and  chordwise 
bow  measurements , and  summarized  for  spars  1 through  7 in 
Figure  125,  The  first  number  in  parentheses  '.'rider  each 
column  heading  is  the  design  drawing  tolerar»:--.  as  defined 
by  HLH  Engineering.  It  should  be  mentioned  :kat  these 
measurements  represent  worst-case  conditions;  in  general, 
smaller  errors  were  predominant  over  large  areas  of  the 
spars.  The  errors  represent  the  repeatability  and  types 
of  tolerances  that  can  be  expected  using  a match-molded 
fabrication  concept.  Figure  125  also  summarizes  the  twist 
measurements  and  the  ultrasonic  and  X-ray  inspections  for 
the  'D'  spars. 

A dimensional  comparison  of  the  four  fiberglass/titanium 
D-spars  used  in  the  whirl  test  blades  is  shown  in  Figure 
126.  The  graph  shows  deviations  from  the  MDI  requirements 
over  the  full  span  for  each  blade.  The  difference  in  the 
scale  factors  for  the  two  axes  of  the  graph  should  be  noted; 
the  horizontal  axis  represents  the  486-inch  blade  span, 
while  the  vertical  axis  gives  dimensional  deviations  in 
thousandths  of  an  inch.  The  graph  illustrates  the  general 
trend  of  dimensional  errors  over  the  entire  span  and 
indicates  that  these  errors  fall  within  a narrow  band  over 
the  40.5-foot  blade  span.  Grouping  of  the  Y-Y  and  Z-Z 
measurements  at  the  various  stations  indicates  good 
process  repeatability  from  blade  to  blade. 
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Figure  124.  Spar  No.  5 Haw  Da^a 


'.pection  Summary  for  Spar  Nos.  1 Through  7 


The  'D’  spar  contour  was  measur'','.  using  micrometer  and/or 
plaster  casts;  ? wever,  such  meacJurements  were  obtained 
only  for  additional  information  or  confirmation  during 
the  assembly  operations  since  formed  'D'  spars  were 
checked  for  contour  conformity  in  the  bonding  assembly 
jig  itself. 

Cross-sectional  ‘D'  spar  thickness  measurements  were 
obtained  at  several  stations  using  an  ultrasonic  digital 
thickness  gauge.  The- measurements  correlated  well  with 
actual  thickness  measurements  obtained  from  spar  number 
1 after  it  was  sectioned  for  test  specimens.  The  non- 
destructive test  method  was  then  used  on  the  remaining 
spars.  From  a manufacturing  standpoint,  the  cross- 
sectional  thickness  cari  be  held  to  within  10  to  15%  of 
the  actual  drawing  dimensions.  The  variations  are  most 
likely  caused  by  resin  flow  during  cure  and  human  factors 
during  hand  lay-up  of  the  various  plies.  Other  measurements 
on  the  spars  in  the  root  area  showed  good  repeatability; 
for  example,  the  root  end  attachment  holes  were  all  within 
tolerance  with  respect  to  location,  diameter,  concentricity, 
and  taper. 

In  sumraary,  the  important  exterior  contours  and  dimensions 
were  shown  to  be  repeatable. 

Nondestructive  Testing  (NDT) . Both  ultrasonic  and  penetra- 
ting  radiatJon  (X-ray)  techniques  were  used  to  determine 
the  prese  .a  of  voids,  delaminations,  unbonded  areas  and 
fiber  or  v.ntation.  The  ultrasonic  inspection  was  perform- 
ed on  ■ D'  spar  using  a Sondicator  Bond  Tester  at  the 
root  i.  ;d  and  heel  areas,  and  then  using  the  Custom  Machine 
Sv''mi- automatic  scanning  system  to  inspect  the  upper  and 
lower  airfoil  sections.  The  size  and  location  of  all 
detected  indications  equal  to  or  greater  than  inch 
diameter  were  recorded  and  kept  on  file. 

Leak  Inspection.  Leak  testing  at  the  spar  level  was  per- 
formed.  See  paragraph  entitled  "Leak  Testing  of  Blade 
Components,"  below,  for  a complete  description  of  the 
operation. 

Fairing  Assembly 

The  fairing  asseiably  consists  of  a honeycomb  core,  lower 
skin,  and  trailing  edge  bonded  together  and  machined  to 
the  required  airfoil  contour.  The  quality  cf  the  com- 
pleted assembly  is  dependent  upon  bonding  integrity, 
component  alignment,  and  airfoil  contour  dimensions. 

Visual  inspections  were  made  during  bonding  to  verify  the 
correct  positioning  of  components  and  to  ensure  that  no 
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bondline  voids  or  node-to-node  unbonds  were  present.  5 

Destructive  tests  were  conducted  on  specimens  taken  from  | 

the  process  control  panel  (see  Figure  127)  to  ensure  ' 

adequate  bond  strengttu  Flatwise  tensile  tests  resulted  ' 

in  core  failures  rather  tlian  bond  failures , indicating  i 

that  the  bond  strength  was  adequate. 

The  bonded  assemblies  were  sent  to  the  Hexcel  Company  for 
machining  of  the  honeycomb  core  to  the  airfoil  contour. 

The  assemblies  were  held  in  place  by  a Vacuum  Form  Mold  > 

(VFM)  during  machining.  Dimensional  inspection  of  the  j 

contours  was  made  before  removing  the  assemblies  from  the 
VFM,  Contour  dimensions  were  verified  by  the  tracer  method 
using  MDI- con trolled  airfoil  patterns  as  masters.  ' 

Spar-to-Core  Assembly  Bonding 

The  spar-to-core  bond  was  accomplished  in  the  main  bonding 
fixture  after  prefit  and  alignment  inspection  of  the  spar 
and  honeycomb  fairing  subassemblies.  A dimensional 
inspection  of  the  bonded  assembly  was  made  using  mechanical 
and  optical  checks  at  the  Z-2  and  Y-Y  coordinate  points 
at  the  control  stations,  in  the  same  m, inner  described  for 
the  spar  in  the  paragraph  entitled  "Major  Dimensional 
Inspections",  above.  A through-transmission  ultrasonic 
technique  using  a semi-automatic  scanning  system  was 
used  for  inspecting  the  upper  and  lower  fairing  sections 
of  the  blade.  The  skin-to-spar  bond  was  inspected  by 
hand  scan  pulse  echo  ultrasonics.  Figure  128  shows  the 
semi-automata.c  scanning  system  with  a blade  in  place. 

Indications  of  defects  equal  to  or  greater  than  .50  inch 
in  the  skin-to-core  area  were  recorded,  and  indications 
equal  to  or  greater  than  .25  inch  in  the  skin-to-spar  and 
skin-to-trailing  edge  wedge  were  recorded.  The  size  and 
location  of  all  detected  indications  were  recorded  and 
are  on  file.  Figure  129  summarizes  the  inspection  results 
for  blades  1 through  7. 

Evidence  of  distortion  and  chordal  movement  of  the  core 
skin  assembly  relative  to  the  spar  molding  was  fomd  after 
cure  of  the  assemblies.  Small  cracks  were  present  in  the 
skin  along  the  trailing  edge  at  the  outboard  end.  The 
addition  of  spray  adhesive  on  the  surface  of  the  main 
bonding  fixture  and  enlarged  trailing  edge  pins  in  the  tool 
helped  to  hold  the  assembly  in  position,  thereby  alleviat- 
ing this  problem. 

Destructive  tests  were  performed  on  specimens  taken  from 
the  process  control  panel.  The  panel  was  an  integral 
part  of  the  assembly.  The  fol3  wing  tests  were  performed: 
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* MINIMUM  EXPECTED  VALUES  = 200  PSI 


Figure  US.  Semi-Automatic  Scar>ning  System  with  Blade  m Place 
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Figure  129.  Blade  Nos.  1 Through  7 Inspection  Summary 


flatwise  tensile  - skin-to-core ; tensile  shear  - glass 
skin-tO“D~spar  bond?  and  cell-to-celi  liquid  migration 
test  of  the  honeycomb  core.  Figure  130  is  a sketch  of  the 
process  control  panel  showing  flatwise  tensile,  bond  shear 
strength,  and  liquid  migration  specimens,  and  Figure  131 
lists  typical  test  values. 

Final  Inspection 


Final  inspection  of  the  blades  included  the  visual  inspect- 
ion for  surface  defects?  dimensional  inspection  to  ensure 
drawing  compliance  on  final  hardware  only;  and  ultrasonic 
inspection  of  trim  tabs,  doublers  and  the  nickel  erosion 
strip. 

The  ultrasonic  tests  revealed  a number  of  unbond  discrepan- 
cies. These  and  other  final  inspection  data  were  recorded 
in  the  Quality  Control  Inspection  Record.  In  addition  to 
a complete  inspection  history  for  each  subassembly,  the 
inspection  record  also  includes  data  on  weight  and  balance, 
and  surface  finish. 

Leak  Testing  of  Blade  Components.  The  final  assembly  was 
leak  tested  to  ensure  proper  function  of  the  Integral  Spar 
Inspection  System  (ISIS).  Simply  stated,  ISIS  on  HLH 
blades  is  primarily  an  evacuated  'D'  spar  connected  to  an 
indicator.  Since  the  system  must  retain  vacuum  over 
extended  periods  of  time,  it  was  necessary  to  develop  leak 
testing  methods  in  order  to  avoid  false  indications  due  to 
causes  other  than  the  intended  fail-safe  function. 

NOTE 


In  the  following  discussion,  "high  sensitivity" 
implies  the  ability  to  detect  very  small  leaks, 
while  "low  sensitivity"  implies  ability  to 
detect  gross  leakage.  Also,  the  term  "qualita- 
tive" refers  to  the  ability  of  a method  to 
determine  the  location  of  a leak,  while  "quantita- 
tive" refers  to  the  ability  to  measure  leakage 
rate. 

Various  leak-testing  methods  were  investigated;  halogen 
detectors,  bubble  testing,  high-sensitivity  pressure 
gauges  and  others.  These  methods  proved  generally  in- 
adequate because  of  low  sensitivity  or  the  inability  to 
test  both  qualitatively  and  quantitatively.  It  was 
decided  to  utilize  a helium  mass  spectrometer  because 
of  its  very  high  sensitivity  and  its  qualitative  and 
quantitative  capabilities. 
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PROCESS  CONTROL  PANEL 


V.  N. 


W >4^ 


LIQUID  MIGRATION  SPECIMEN 


FLATWISE  TENSILE  SPECIMEN 


FLATWISE  TENSILE  SPECIMEN 


^ <07^ 

1"  jjlllll^ 


.HONEYCOMB 

CORE 

^ FAIRING 
SKIN 

-ALUMINUM 

BLOCK 


BOND  SHEAR 
STRENGTH  SPECIMEN 


GLASS  'D'  SPAR 


Ti  C-CAP 


GLASS  SKIN 


SKIN  TO  HONEYCOMB 
CORE  BOND 


PLAN  VIEW 


SECTION  A-A 


GLASS  SKIN  TO  D-SPAR  BOND 


Figure  130.  Flatwise  Tensile,  Liquid  Migration,  and  Bond  Shear  Strength  Specimens  of 
Process  Control  Pane! 


The  results  of  tests  performed  in  accordance  with  D301-10154-1  are 
given  below: 

FAI’.»ING  ASSEMBLY  FLATWISE  TENSILE  TEST 


4 


Sp8cirp»en 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Tensile  Failure 
Point  (psi) 


350 

355 

322 

320 

335 

390 

385 

420 

415 

385 


Minimum  Reqd.  Failure 

Tensile  Strength  (psi)  Type 

200  (core  failure)  _ 

300  (bondline  failure) 


Avg.  367.7 

FAIRING  ASSEMBLY  & SKIN/SPAR  ASSEMBLY  TESTS 
FLATWISE  TENSILE 

Tensile  Failure  Minimum  Reqd. 

Specimen  No.  Point  (psi)  Tensile  Strength  (psi) 

285  200 

280 
275 
280 
280 
290 
280 
295 
275 

270  <1 

LAP  SHEAR  - TI  CAP  TO  GLASS  ‘D’  SPAR 


Specimen  No. 

Shear  Failure 
Point  (psi) 

Minimum  Reqd. 
Shear  Strength  (psi) 

2200  (Individual) 

2500  (Average) 

2 

1840 

3 

3040 

4 

2760 

> 

f 

Avg. 

2590 

LAP  SHEAR 

- GLASS  SKIN  TO 

GLASS  SPAR 

Specimen  No. 

1 

2 

3 

4 


Shear  Failure 
Point  (psi) 

1604 

1808 

1480 

1781 


Minimum  Reqd, 
Shear  Strength  (psi) 

3000  (Individual) 
3500  (Average) 


Avg.  1669 

LIQUID  MIGRATION  TEST 


No  migration  beyond  first  row  of  inspected  cells. 


Figure  131.  Adhesive/Liquid  Migration  Test  Resuits  for  HL  H/ATC  No.  7 'D'  ^ar  and 
Biade  Fairing  Assembiy. 
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Two  basic  test  methods,  a pressure  mode  and  an  evacuation 
mode,  were  used  on  ISIS  blade  components.  The  left  side 
of  Figure  132  represents  a simplified  sketch  of  the 
pressure  mode  in  which  the  component  to  be  tested  is 
pressurized  with  helium  tracer  gas.  A special  probe  is 
attached  to  the  helium  mass  spectrometer.  Any  helium 
escaping  from  the  test  object  is  drawn  through  the  probe 
into  the  detector.  This  qualitative  method  can  be  made 
quantitative  (as  shown  in  the  right  portion  of  Figure  124) 
by  placing  the  pressurized  test  object  in  a chamber  and 
measuring  the  amount  of  tracer  gas  which  accumulates  in 
the  chamber  over  a fixed  period  of  time.  The  amount  of 
helium  measured  by  the  detector  probe  is  proportional  to 
the  leakage  rate  of  the  test  object.  This  method  is 
capable  of  .detecting  leaks  smaller  than  1 x 10  “8  atmo- 
spheric-cubic centimeters/second  (atm-cc/sec)  of  helium 
and  is  dependent  on  accumulation  chamber  volume,  test  time 
and  helium  pressure  in  the  test  object.  The  smallest  rate 
required  by  any  blade  component  is  1 x 10  “5  atm-cc/sec. 

The  evacuation  mode  using  the  helium  mass  spectrometer 
leak  detector  is  essentially  a quantitative  test,  as  shown 
in  Figure  133.  In  this  mode,  the  test  object  is  evacuated 
by  the  pumping  system  of  the  leak  detector,  and  then  the 
exterior  of  the  test  object  is  exposed  to  helium.  Any 
helium  which  penetrates  the  test  object  is  drawn  into  the 
detector  and  ionized,  thereby  producing  a current  which  in 
turn  is  converted  into  a leakage  rate.  The  sensitivity  of 
this  method  is  approximately  1 x 10  “7  atm-cc/sec  helium. 
If  the  exterior  helium  spray  is  concentrated  locally  to 
the  exterior  of  the  test  object,  the  method  also  has 
qualitative  capability.  All  ISIS  blade  components  ('D' 
spar,  evacuation  valve,  system  indicator,  seals,  etc.) 
were  subjected  ho  these  types  of  tests. 

Post  Whirl  Test  Inspection 


Four  blades  were  nondestructively  evaluated  after  whirl 
testing.  The  data  v.’as  compared  with  nondestructive  test 
data  taken  during  fabrication  and  at  final  assembly.  The 
comparison  was  made  to  measure  the  effect  of  whirl  testing 
on  the  structural  integrity  of  the  blades.  Only  one  sig- 
nificant change  was  noted  in  the  post-test  inspection; 
blade  number  A-2-0005  developed  a ripple  approximately 
ten  inches  long  in  the  upper  airfoil  skin.  Ultrasonic 
inspection  of  the  area  revealed  a slight  progression  of 
the  original  void  indications.  No  other  significant 
changes  were  detected  in  the  whirl- test  blades. 
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Figure  132.  Qualitative  and  Quantitative  Pressure  Mode  Tests 


Blade  Weight  Summary 


A weight  svutmvary  breakdown  of  the  HLH/ATC  blades  is  given  in 
Figure  134.  Calculated  weights  and  actual  weights  are  given 
for  major  details  of  each  blade,  as  well  as  for  the  total  blade. 
Process  changes  were  considered  in  the  calculations  which  re- 
flect the  as-fabricated  blades. 


Differences  in  actual  and  calculated  weight  values  are  due  to 
variation  in  laminated  densities , resin  content,  and  noseblock 
weights.  Total  blade  weights  .averaged  796.8  pounds  (including 
the  damper,  area) . This  differs  from,  the  calculated  value  of 
800.87  pounds  by  .4.07  pounds,  or  approximately  0.51%.  The 
small  difference  indicates  good  repeatability  in  composite 
blade  construction. 
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HLH  Blade  Weight  Summary. 


Weight  Summary  (Contmued) 


5.0  ROTOR  BLADE  TEST  RESULTS  AND  IMPACT  ON  TOOLING/FABRICATION 


The  experience  gained  in  producing  the  HLH  ATC  rotor  blades  and 
the  testing  that  has  been  accomplished  verified  the  basic 
tooling  methods  and  engineering  design  concept.  Appendix  A 
presents  a description  of  the  ATC  Rotor  Blade  Test  Program. 

The  test  program,  however,  highlighted  areas  in  blade  con- 
struction and  design  that  were  potential  items  for  improve- 
ment. 

PROBLEM  AREAS  AND  REMEDIAL  ACTION 


Following  is  a summary  of  these  problems,  together  with  cor 
rective  action  being  taken. 

Honeycomb  Core 

Chordwise  airload  fatigue  testing  of  rotor  blade  sections  in- 
dicated a premature  failure  of  the  Nomex  core  at  the  heel  of 
the  spar.  After  evaluation  of  the  problem,  HLH  Engineering 
changed  the  design  to  include  a heavier  core  in  certain  areas 
of  the  blade.  In  addition,  a splice  or  stiffening  member  has 
been  added  on  the  chord  centerline  as  shown  in  Figure  135. 

The  foregoing  changes  will  not  affect  the  basic  tooling  con- 
cept of  bonding  and  machining  the  core  assembly.  It  will, 
however,  require  handling  of  additional  pieces.  The  profile 
template  used  for  contour  machining  thf;  core  will  require 
modification. 


ATC  testing  has  revealed  that  ti.e  spar  wall  in  the  outboard 
area  (Stations  569  to  552)  rec;.iros  additional  stiffening. 

The  modified  design  adds  more  fibe3:glc'.''ss  material  co  the  spar 
straps  and  extends  the  graphite  lay-up  to  the  outboard  sec- 
tion. 

Tooling  mylars  and  templates  will  be  altered  to  reflect  the 
changes  shown  in  Figure  136. 
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Figure  136.  Spar  Improvements 


Aft  Fairing  Skin 


Cracks  occurred  in  the  skin  at  the  outboard  section  of  the 
blade  trailing  edge  during  the  final  bonding  operation. 

HLH  Engineering  has  recoiranended  increasing  skin  thickness  in 
this  area  and  extending  the  additional  material  to  the  trailing 
edge.  Modification  of  the  tooling  mylar  and  deviations  from, 
the  core  machining  pattern  will  be  made  to  accommodate  these 
changes.  Refer  to  Figure  138. 

The  first  blade  to  be  bonded  developed  a wrinkle  in  the  skin  at 
the  leading  edge  of  the  core*  on  the  upper  airfoil  side  (the 
skin  is  cured  during  this  operation) . The  wrinkle  was  elimi- 
nated by  adding  a cured  shim  as  shown  in  Figure  139.  The  pro- 
totype blades  will  have  a lax'ger  shim  to  extend  onto  the  spar 

J.C!  • 

Tooling  will  provide  a shim  in  the  spar  BAJ  to  allow  for  this 
shim. 

Titanium  Nose  Cap 

During  fatigue  testing  of  the  intermediate  blade  section,  a 
crack  developed  in  the  trailing  edge  of  the  titanium  cap;  the 
crack  progressed  toward  the  leading  edge.  Note  that  this  fail- 
ure occurred  in  a cap  that  had  been  re trimmed  prior  to  bonding 
to  the  spar;  the  re trimming  may  have  contributed  to  the  fail- 
ure of  the  cap  in  this  area.  However,  a joint  Engineering, 
Tooling,  and  Manufacturing  Development  effort  was  initiated  to 
investigate  this  problem,  and  it  was  found  that  this  crack  had 
not  been  caused  by  the  trimming  or  edge  finishing.  Instead,  it 
was  discovered  that  the  failure  had  been  caused  by  a shear 
crack  at  the  tlge  of  the  material.  Microscopic  examination  of 
the  titanium  material  indicated  that  it  had  subsurface  shear 
cracks.  This  was  eventually  traced  to  the  rolling  process  used 
by  the  mill  in  production  of  the  sheet.  Examination  of  the 
material  supplied  by  another  manufacturer  indicated  that  this 
problem  did  not  exist  in  their  product. 

Root  End  Lag  Damper  Fitting 

Fatigue  testing  of  the  root  end  specimen  indicated  that  the  lag 
dampers  required  modification  to  achieve  desired  life  limits. 

A modified  lag  damper  (Figure  139)  has  been  designed,  fabricated, 
and  installed  in  the  ATC  whirl  tower/DSTR  (Dynamic  System  Test 
Rig)  blades  no's  4,  5,  6 and  7, 

Anti-Fretting  Inhibitor 

As  a result  of  the  ATC  root-end  fatigue  tests  and  ether  rotor/ 
drive  system  tests,  a decision  was  made  to  change  the  anti- 
fretting inhibitor  application  on  the  root-end  sleeves  from 
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FAIRING  CORE  & SKIN 


Figure  137.  Aft  Fairing  Skin  Changes 
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Figure  138.  Elimination  of  Wrinkle  in  Aft  Fairing  Skin 
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ATC  CONFIGURATION 


High  stress  levels 

Failure  at  trailing  pin  hole  during  root  end 
test  (loads  improperly  applied  contributed 
to  failure) 

Fretting  occurred  between  steel  sleeve  and 
titanium  damper  arm. 


Sermetal  coating  on  inner  diameter  surface 
of  sleeve  showed  wear  through  and  fretting. 


rfe^FIBERGLIDE 

^^174  PH  STEEL 
SECTION  A-A 


PROTOTYPE  CONFIGURATION 

. Beef-up  lag  damper  arm  in  critical  area 
of  trailing  pin  hole  to  reduce  stress 
levels  (2.1  lb  per  arm). 

. Apply  fiberglide  coating  to  inner  and  outer 
diameter  surfaces  of  steel  sleeve. 


Fiberglide  proven  in  service  at  comparable 
operating,  bearing  stresses  (CH-47  Socket). 


Figure  139.  Root  End  Lag  Damper 


I 


0.0t)7-inch  (nominal)  Sermetal  to  0.015-inch  thick  Fiherglide 
Teflon/Dacron  weave.  Blades  of  this  configuration  have  been 
installed  on  the  DSTR,  Ft.  Dix,  N.  J.,  for  200  hours  of  endur- 
ance testing. 


PROTOTYPE  TOOLING  IMPROVEMENTS 

While  not  a direct  result  of  ATC  testing,  the  changes  listed 
below  have  been  or  are  being  implemented  to: 

1.  Improve  quality  of  rotor  blade  components  produced. 

2.  Ensure  repeatability  between  blades. 

3.  Reduce  manufacturing  costs  of  prototype  rotor  blades. 
Trailing  Edge  Wedge 

The  ATC  Trailing  Edge  Wedge  was  fabricated  with  2 inches  of 
excess  material  or  selvage  on  one  side?  a series  of  %-inch 
diameter  tooling  holes  were  drilled  in  the  selvage  (Figure 
140) . The  holes  were  used  primarily  for  locating  and  holding 
the  wedge  in  proper  chordwise  location  during  wedge-to-core 
and  core-to-skin  bonding  operations,  and  final  bonding  of 
fairing  to  spar.  The  tool  locator  holes,  in  addition,  were 
also  used  for  locating  the  Nomex  honeycomb  core  during  machin- 
ing of  the  upper  airfoil  contour. 

For  the  HLH  Prototype,  the  trailing  edge  wedge  will  be  fabri- 
cated with  a molded  graphite  tube  or  "dogs  knot"  (Figure  142) 
at  the  wedge's  trailing  edge  running  the  full  span.  The  VFM 
core  tools  and  final  bonding  fixture  have  been  modified  with  a 
similar  groove  milled  into  them  to  accept  the  diameter  of  the 
trailing  edge's  graphite  tube.  This  modification  will  provide 
more  precise  location  of  the  aft  fairing  during  subsequent  as- 
sembly operations  and  also  prevent  the  forward  movement  or 
"lemon  seeding"  effect  of  the  aft  fairing  experienced  on  early 
ATC  blades.  All  tooling  modifications  to  the  VFM  and  main 
blade  BAJs  have  been  coordinated  through  computerized  Master 
Dimension  Identifiers. 
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Figure  141.  Prototype  Trailing  Edge  Wedge 


Titanium  Nose  Cap 


Experience  on  the  ATC  blade  program  provided  background  for 
improving  certain  areas  in  the  fabrication  of  subsequent  ti- 
tanium nose  caps  for  the  HLH  Prototype  Program,  Areas  for  im- 
provement included; 

1.  Radius  of  leading  edge 

2.  Chordwise  bow  of  outboard  blade  section 

Titanium  nose  caps  for  the  Heavy  Lift  Helicopter  have  been 
formed  at  Boeing-Wichita.  Changes  in  titanium  forming  are  be- 
ing made  at  the  Wichita  Division  to  correct  the  foregoing  con- 
ditions. Refer  to  Figure  142.  For  example,  3000  pounds  of 
additional  weights  have  been  added  to  improve  the  forming  of  the 
leading  edge  radius.  A cap  made  of  refrasil,  a refractory 
silicone  blanket  material,  is  being  used  on  the  cap's  leading 
edge  during  the  forming  operation  to  help  control  cool-down  of 
the  part.  A ceramic  female  upper  cap  has  been  added  to  ap- 
proximately 10  feet  of  outboard  blade  section  to  improve  nose 
radius  forming. 

Pre-Cured  Heel 


The  heel  of  the  spar  (section  aft  of  the  titanium  nose  cap)  is 
subject  to  distortion  during  lay-up  and  leading  into  the  spar 
BAJ.  Care  must  be  exercised  to  prevent  or  eliminate  any 
wrinkling  of  the  fiberglass  material.  To  eliminate  wrinkling 
experienced  on  ATC  blades  and  to  provide- an  improved,  lower 
cost  manufacturing  approach,  a pre-cured  heel  test  spar  (sta- 
tion 372  to  469)  has  been  made.  Refer  to  Figures  143  and  144) . 
The  heel  of  the  spar  is  cured  as  a separate  detail  and  then 
bonded  into  the  spar  during  spar  cure.  This  test  specimen  was 
successfully  formed. 

The  decision  was  then  made  to  produce  a second  test  specimen 
of  the  tip  section  (Stations  -469  to  552)  using  a new  mandrel 
configuration  (Figure  145)  which  would; 

1.  Be  a mandrel  for  spar  heel  lay-up 

2.  Bond  nose  block  asseinbly  into  the  titanium  cap 

3.  Bond  de-ice  blanket  into  the  titanium  cap 
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Figure  142.  Tooling  Improvements  for  Titanium  Nosecap 
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Figure  144.  PreCured  Heel  Lay-Up 


4*  Bond  AP30  adhesive  into  the  titanium  cap 

5.  Provide  for  bonding  tool  tabs  to  the  outside  of  the 
titanium  cap 

6.  Cure  the  spar  heel. 

Following  complete  evaluation  of  this  8-foot  specimen,  it  is 
currently  planned  to  develop  a full-length  mandrel  to  perform 
the  same  operations  for  the  entire  blade. 

Co-Cured  Forward  Tip  Weight  Fittings 

ATC  experience  had  indicated  that  bonding  the  forward  weight 
fittings  (301-11186-1)  into  the  spar  was  time  consuming  and 
produced  bond  lines  that,  in  certain  cases,  were  marginal. 

Witn  the  ATC  method,  the  spar  is  cured  using  special  cauls  lo- 
cated on  the  foam  bag  mandrel  to  control  inside  spar  contour 
in  the  tip  fitting  area.  Using  the  silicone  rubber  bag  to  ap- 
ply pressure,  variations  in  IML  contour  were  experienced  from 
3par  to  spar.  A hand  sanding  operation  was  therefore  required 
to  match  the  weight  fitting  to  the  spar  prior  to  bonding.  The 
fitting  was  then  bonded  into  the  spar  with  another  tool  in  a 
separate  operation. 

To  improve  the  weight  fitting  bond  line  and  reduce  cost,  a 
test  part  has  been  produced  with  a modified  mandrel  (Figure 
146)  which  permits  installation  of  the  weight  fitting  on  the 
spar  mandrel  during  lay-up  of  the  spar.  The  weight  fitting 
was  then  bonded  or  co-cured  to  the  spar  at  the  same  time  the 
spar  was  cured.  This  technique  proved  successful  and  will  be 
incorporated  on  the  prototype  blades. 

Droop  Stop  Fitting 

The  four  301-11204  Droop  Stop  Fittings  (Figure  147),  located 
iri  the  root  end  of  the  spar,  were  also  very  difficult  to  hand- 
fit  prior  to  bonding.  A similar  approach  to  that  described 
for  the  forward  weight  fittings  is  under  evaluation  to  improve 
this  installation. 
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Figure  147.  Droop  Stop  Fittings 


6.0  CONCLUSIONS 


The  HLH/ATC  Rotor  Blade  Program  successfully  accomplished 
its  original  design  objectives  and  evolved  an  advanced 
composite  blade  that  promises  significant  performance  and 
operational  advancements  over  conventional  rotor  blades. 

This  blade,  in  addition,  has  demonstrated  that  it  is  a 
cost-effective,  producible  design  consistent  with  the 
overall  HLH  desion-to-cost  philosophy. 

Significant  manufacturing  technology  breakthroughs  for  the 
HLH  rotor  blade  include: 

® The  first  advanced  composite  blade  fabricated  with 

electrically  heated, zone  temperature  controlled, matched 
metal  dies  using  internal  fluid  pressure. 

® The  first  rotor  blade  to  be  constructed  with  a fiberglass 
spar,  Nomex  aft  fairing,  and  titanium  leading  edge. 

° The  largest  titanium  part  successfully  preformed  for  an 
aerospace  primary  structure  (over  37  feet  in  length  and 
approximately  3 feet  wide  prior  to  forming) . 

® The  first  co-cure  of  a composite  spar  with  a titanium 
nose  cap. 

It  should  be  noted  that  the  initial  "tool  proving"  root  end 
article  was  of  sufficiently  good  quality  to  be  subjected  to 
engineering  fatigue  tests  and  exceeded  the  specified  test 
requirements . 

The  following  aignificant  conclusions  can  be  drawn  from  the 
HLH/ATC  rotor  blade  development: 

1,  The  tooling  and  manufacturing  approach  utilized  was 
verified  through  extensive  testing  of  full-scale 
rotor  blade  hardware. 

2.  The  HLH  rotor  blade  design  possesses  many  inherent 
features  directed  toward  the  use  of  automated  tooling 
for  high  rate  production  which  will  result  in 
reductions  in  unit  cost. 
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3.  Precise  weight  control  of  the  blade  can  be  achieved 
with  a minimum  of  effort. 

4.  The  matched  metal  tools  assure  airfoil  surfaces  and 
blade  physical  properties  that  are  consistent  and 
repeatable  from  unit  to  unit. 

5.  Nondestructive  test  techniques  have  been  developed 
and  are  now  available  to  provide  the  high  level  of 
quality  assurance  needed  for  production  of  composite 
rotor  blades, 

6.  The  use  of  computer-based  Master  Dimensioning 
Information  was  extremely  successful  in  coordinating 
the  fabrication  of  the  various  tools  required  and 
ensuring  that  the  advanced  aerodynamic  rotor  blade 
contours  were  attained. 

7.  Excellent  raw  material  utilization  was  experienced 
through  techniques  such  as  the  use  of  constant-width 
tapes,  coiled  titanium  sheets,  precut  Nomex  honey- 
comb core  wedges,  and  chopped  fiber  match-molded 
detail  fittings. 

8.  Additional  work  is  being  done,  and  should  be 
continued  to  augment  capability  in  the  areas  of: 

a.  Titanium  cap  fabrication 

b.  Honeycomb  machining 

c.  Improvement  of  parting  agents 

d.  Improvement  of  bag  materials  and  fabrication 
techniques 

e.  Automation  and  semiautomation  of  fiber  polymer 
lay-ups . 
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APPENDIX  A 
BLADE  TEST  PROGRAM 


INTRODUCTION 


The  blade  test  program  was  initiated  early  in  the  ATC 
program  with  a series  of  tests  to  accumulate  basic  design 
development  data.  Later,  another  series  of  tests  was  con- 
ducted to  support  the  design  and  prove  out  critical  compo- 
nents and  concepts  prior  to  being  committed  to  the  final 
tooling  approach  and  fabrication  of  the  full  scale  hardware. 
Upon  completion  of  blade  fabrication,  another  series  of  full 
scale  specimen  tests  was  required  to  demonstrate  the  final 
properties  of  the  actual  hardware.  This  appendix  identifies 
those  tests,  including  a brief  description  of  the  effort 
involved  and  other  appropriate  comments. 
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